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TWO CONIDIA-BEARING FUNGI! 
CUNNINGHAMELLA AND THAMNOCEPHALIS, N. GEN. 
A. F. BLAKESLEE. 

(WITH PLATE VI) 
CUNNINGHAMELLA ECHINULATA Thaxter. 

Ocdocephalum echinulatum Thaxter, Bor. GAZETTE 16:17. pl. 4. figs. 8-11. 
1891; Saccardo, Sylloge Fungorum 10:522; Lindau, Engler-Prantl’s Pflanzen- 
familien 1':426. jigs. 220 A-B. 

Cunninghamella ajricana Matruchot, Annales Mycologici 1:45-60. pl. 1. 
1903. 

Cunninghamella echinulata Thaxter, Rhodora 5:97. 1903. 

“Une Mucorinée purement conidienne, Cunninghamella ajri- 
cana” is the title under which Matrucuot (/. c.) has described an 
Oedocephalum-like fungus which on morphological and physiologi- 
cal grounds he considered was to be included among the Mucorineae. 
The species had been previously described by THAXTER, however, as 
Ocdoce phalum echinulatum, and with this name has been included 
among the Oedocephalums in Saccarno’s Sylloge, where the simi- 
larity to Choanephora is pointed out. 

The mucors are typically coenocytes with a non-septate mycelium 
at least in the early stages of development, with sexually formed 
zygospores, and with the characteristic production of endogenous 
non-sexual spores within sporangia. The absence of septa in the 
hyphae of the species under consideration led MATRuCcHOT, despite 
the lack of sporangia or zygospores, to believe that he might be deal- 
ing with a member of the Mucorineae. Piptocephalis, which is an 


«This paper was written while working under a grant from the Carnegie 
Institution. 
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obligate parasite upon various mucors, he found would grow on 
Cunninghamella as host, but on none of a considerable number of 
non-mucor forms from representative groups of the higher and lower 
fungi. From the results of this ingenious test of parasitism, and 
from the vegetative structure, he decided that Cunninghamella was 
to be placed in a distinct group of the Mucorineae alongside of 
Choanephora, where Oedocephalum-like fructifications occur in 
addition to sporangia. The discovery of the zygospores of this 
species by the writer? has established beyond question its position 
among the Mucorineae, and renders not improbable that a further 
cultural investigation may similarly give independence to others of 
the Fungi imperjecti. Since the method of finding the sexual form 
of reproduction in this species is that which recently the writer has 
adopted in obtaining, among others, the zygospores of Syacephal- 
astrum, Absidia repens, FHlelicostylum, and Circinella umbellata, for 
which, with the exception of the last species, zygospores had never 
been known, it seems not inappropriate to give a brief account of 
their discovery in Cunninghamella. It is believed, moreover, that 
an application of similar methods may lead to a clearing up of some 
of the present anomalies in fruit production encountered in other of 
the fungi as well as in the algae. 

According to their method of sexual reproduction, the Mucorineae 
have been divided into two main groups, homothallic and _hetero- 
thallic, characterized respectively by bisexual and unisexual thalli.3 
In the forms known to belong to the homothallic group, zygospores 
are produced along with the non-sexual sporangial spores under 
normal cultural conditions, and for this reason the majority of them 
have been kept under cultivation with a constant production of zygo- 
spores for many years. No new members have been added to this 
group during the present year’s investigation, while the accession of 
a number of forms to the heterothallic group further emphasizes the 
conclusion that this latter group comprises a very large majority of 
the species. The (+) and (—) sexual strains of heterothallic forms 
were first obtained analytically from those few fortunate cultures in 

2 Sexual reproduction in the Mucorineae. Proc. Am. Acad. 40:311. 1004. 


3 Loc. cit. and Zygospore formation a sexual process. Science N. S. 19:864-866. 
1904. 
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which it had been shown, by the production of their zygospores, that 
the two opposite strains were present together. By a sufficient 
accumulation of material from different sources one may expect 
eventually to obtain the two sexual strains, and by their synthesis 
the zygospores as well of those forms in which the sexes are separate 
on different mycelia. 

Cunninghamella, although reported by only two previous investi- 
gators, is not extremely rare. ATKINSON writes that he has had the 
species in cultures several times, and it has appeared occasionally in 
the Harvard laboratory, especially on material from the tropics. A 
pure culture of the fungus was thus obtained from dried flowers col- 
lected by the writer in Venezuela, and when contrasted in a culture 
between the (+) and (—) strains of a test species was shown to be 
(+) in character by the formation of imperfect hybrids with the (—) 
strain tested (/.c. pl. 2. jigs. 36-39). Later a culture was secured from 
Porto Rico, and upon being similarly tested proved to be (—). The 
(+) and (--) strains thus determined were at once mutually con- 
trasted and, as was to be expected, yielded an abundant production 
of zygospores. These cultures were made at laboratory tempera- 
ture during warm weather in the latter part of July. In the fall the 
experiment was repeated; but although the two (+) and (—) strains 
separately continued to produce imperfect hybrids with (—) and (+) 
test strains respectively, yet when under the same cultural conditions 
contrasts were made between the two strains themselves no zygo- 
spores resulted. A series of cultures under various external condi- 
tions demonstrated that with this species the temperature is one of 
the most important factors to be considered in securing a formation 
of zygospores. At 20° C. zygospores have not been obtained; but at 
temperatures from 25° to 34° inclusive, zygospores readily form on 
the usual culture media employed in the laboratory. It is certainly 
remarkable that under any conditions the sexual response should be 
less intense when the (+) and (—) strains of a given species are con- 
trasted together than when they are contrasted against strains of a 
different species, but Cunninghamella is not unique in this respect. 
A like condition has already been noted in a species of the genus 
Mucor (/. c. 308, diagram), and a number of other forms more recently 
investigated show a similar behavior. 
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Figs. 1-5 were taken from test tube material and illustrate stages 
in conjugation. The progametes, as also the gametes, are fre- 
quently unequal, but this fact, as in the case of Rhizopus (/. c. 269), 
is probably associated merely with an inequality in the amount of 
nutriment received from the opposite zygophoric hyphae and has no 
sexual significance. The zygospores vary in size from 46 X4op# to 
80X63", and average about 70x58, with the longest diameter at 
right angles to the suspensors. The mature zygospore (jig. 4) is 
nearly opaque and thickly beset with comparatively long spines, 
which frequently, however, seem to be more or less arrested in their 
development, so that individual zygospores taken from the same cul- 
ture may present a considerable difference in appearance. In Van 
Tieghem cells, where the amount of nutrient is necessarily scant, 
conjugation has not been directly followed under the microscope. 
In test tube cultures zygospores form chiefly in the lower parts of the 
tube below the conidial fructifications, producing a reddish-brown 
mass of minute specks which singly are hardly noticeable without 
the aid of a hand lens. Hyphae from which progametes are devel- 
oped do not as a rule take part in conidial formation, yet by a care- 
ful search one may find instances showing the two forms of fructifi- 
cation in direct connection with the same hypha (jig. 3). Whether 
or not the zygophoric hyphae are mutually attractive, as is the case 
with many forms, has not been determined. The contact, however, 
of sexually opposite hyphae seems to be a stimulus to an increased 
branching, for in the region of zygospore formation the conjugative 
hyphae are much branched and closely entangled. A_scalariform 
arrangement of the zygospores is common, and progametes may 
occasionally form so close together on two adjacent filaments as to 
give rise to twin zygospores (jig. 5) supported apparently by forked 
suspensors. Instances have also been observed in which one side 
alone shows an apparent forking of the suspensor, and in other rare 
cases the suspensor of one zygospore has the appearance of a side 
branch from that of another. The usual condition is that figured 
(jigs. 1-4), where the progametes are developed laterally from adja- 
cent hyphae at their points of contact. One zygophoric hypha may 
be laterally met by the termination of the other, but it is certainly 
seldom the case that their contact is exactly terminal. 
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In many heterothallic species the (—) is distinguished from the 
(+) strain by any one of a number of different characters, which in 
general indicate a less luxuriance in vegetative growth. No char- 
acters have been found as yet, however, by which one can distinguish 
between the sexual strains of Cunninghamella when grown apart in 
pure cultures. 

Sufficient material has not been investigated to enable one to 
determine the relative abundance in nature of the strains of this 
species. In addition to the two (+) and (—) strains from Vene- 
zuela and Porto Rico already mentioned, a culture originally obtained 
from horse dung has been kindly communicated to the writer by 
ATKINSON, and the same species has recently been found on a speci- 
men of dung kindly sent from the Philippines by Coperanp. Of 
these two latter, one is (—) and the other (+), so that in the four 
cultures tested none are neutral, and the (+) and (—) strains are 
equally represented. 

THAMNOCEPHALIS, n. gen. 

Vegetative hyphae fine, continuous, anastomosing. Fructifica- 
tions erect, consisting of a main stalk supported above the substratum 
by stout rhizoidal props and bearing a bushy crown of subdichotom- 
ously branched fertile hyphae terminated by sterile branches. Spores 
solitary, borne on the surface of spherical heads. Heads borne at the 
apex of short lateral stalks which arise at nodes from opposite sides 
of the fertile hyphae at right angles to their planes of branching. 

Thamnocephalis quadrupedata, n. sp. 

Vegetative hyphae delicate, about 3# in diameter, branched and 
freely anastomosing. Fructifications scattered, rose-brown, tree- 
like, about 0.75™™ tall. Main stalk thick-walled, tapering from 
about 15# at base to about 8“ wide at apex, supported at maturity 
by two pairs of stout rhizoidal props which are anchored to the sub- 
stratum by branches given off from their lower ends. The shriveled 
remnant of a fifth rhizoid hangs down midway between the two pairs 
of props, and a beak-like projection occurs on the side opposite the 
main stalk as the remains of an abortive secondary erect stalk. 
Hyphae of the crown 7-10 times dichotomously or subdichotomously 
branched, the planes of dichotomy being successively at right angles 








166 BOTANICAL GAZETTE [SEPTEMBER 


to one another. At the first 6-8 nodes are laterally produced short 
conical or barrel-shaped branches, generally septate at. base and sep- 
tate terminally at junction with sporiferous head. Heads spherical, 
from about I9# in diameter at first node to about 13# in diameter 
toward the periphery, produced in acropetal succession and bearing 
the spores on slight papillae. Spores spherical, about 5.5# in diame- 
ter, yellowish, thick-walled, very finely echinulate, ripening on the 
different heads in acropetal succession. Ultimate branches curved, 
sterile, often beset with protuberances on their convex sides, becoming 
septate, shriveled, and frequently abstricted before spore maturation. 
Hyphae of rhizoids, stalk, and crown becoming septate about the 
time of spore maturation. 

Growing in a gross dung culture on fresh sphagnum, Cambridge, 
Mass. 

This fungus appeared in the Harvard laboratory in the fall of 
1902. An undetermined sample of dung had been placed in a crystal- 
lizing dish with fresh unsterilized sphagnum, and vielded in the course 
of time a scanty growth of mucors. Somewhat later the peculiar 
fructifications of this species were found already covering the layer of 
filter paper used in the culture like a grove of microscopic trees, and 
extending into the loosely packed sphagnum below. A large variety 
of substrata was tried in the attempt to obtain a pure culture of the 
fungus; and mass transfers from the original culture, which for sev- 
eral days continued to produce new fructifications, were made to dung 
and to fresh sphagnum, but it seemed impossible to elicit a growth in 
new cultures. 

A few spore germinations were obtained in Van Tieghem cells on 
horse dung agar. The sporcs that germinated did so in two days, 
swelling to about 8“ in diameter before emitting slender germ tubes, 
simple or slightly branched. The longest germ tube observed 
reached but 170# and no further growth could be obtained. The 
action of the fungus in the cultures attempted suggested that the 
species might have been parasitic upon the scanty growth of mucor 
which had developed in the original culture, and though it did not 
seem possible to stimulate growth by an admixture of this same 
mucor, the frequent irregular behavior of Syncephalis under similar 
circumstances does not render such a condition entirely improbable. 
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The origin of the fungus in the culture where it was found is 
uncertain. It is possible that it was introduced along with the fresh 
sphagnum, since its growth had no apparent connection with the 
dung. Fresh sphagnum was accordingly gathered at a later date 
from the same locality as before and used in unsterilized cultures, 
but failed to give further rise to Thamnocephalis. The improba- 
bility of finding the form again reconciles the writer to attempting to 
patch together the history of development from the somewhat scanty 
material at his disposal, which is especially lacking in young 
stages. It is believed, however, that in the main the process can be 
followed. 

Anastomoses are common between overlying hyphae (jig. 6), and 
it is apparently at these places of anastomosing that the rudiments of 
the fructifications are formed. The condition shown in jig. 7 has 
several representatives in the preparations saved, but the stages 
between it and that shown in fig. 8 are entirely lacking. A com- 
parison of the fructification as seen in fig. 8 with a caricature of 
some giraffe-like creature will furnish terms convenient for discussion. 
Upwards of a hundred specimens near maturity have been examined 
and no deviations from the main type of fructification have been 
observed. A short narrow body supported by fore and hind legs 
bears on the dorsal side anteriorly a long neck supporting the fertile 
head of branches and posteriorly a short erect tail; while an umbili- 
cal cord connecting ventrally with the substratum probably serves 
as the chief channel for the influx of nutriment. It seems probable 
that in fig. 7 we have represented the umbilical cord in the process 
of giving rise by branching to the short body which in turn is further 
dividing. Under this assumption the first branching of the stalk 
arising from an anastomosis would give rise to the body, the second 
to the neck and tail and to the short extensions of the body, from 
which by a further branching the two pairs of legs are developed. 
The tail becomes septate and shrivels at a very early stage, and in 
none of the material at hand has it been found entirely filled with 
protoplasm. In the specimen figured (jig. 8), however, and in one 
other the walls seem to be continuous around the end. This being 
the case, the tail arises from a branching of the same order as the 
neck, but becomes functionless; while the latter, perhaps because of 
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priority in origin, takes the ascendancy and appropriates the proto- 
plasm for the development of the sporiferous head. 

That the umbilical stalk is formed directly from the stem arising 
from an anastomosis and is at least the chief channel through which 
the fructification receives its supply of nourishment is indicated by a 
number of facts. Its base is at first in connection with the fine 
anastomosing hyphae, but as the plant reaches its full size it shrivels 
and usually leaves at maturity little more of a remnant than shown 
in fig. 9g. In cases in which its base remains, it may be seen to be 
somewhat raised above the attachment of the two pairs of legs, as if 
it had been torn out of the substratum by the growth of these latter. 
The legs are obviously a later production, as is seen by fig. 8, where 
the anchoring rhizoids are just beginning to be given off toward their 
bases. The legs, as may be seen in the left hind leg of the specimen 
just mentioned, are supplied with rhizoids which at times certainly 
are comparatively short and end blindly; although in other cases a 
few of the rhizoidal branches can be followed for a certain distance 
into delicate filaments characteristic of the mycelium. This latter 
condition, however, is not so typical as for the umbilical stalk. 

Neither the vegetative mycelium nor the hyphae of the fructifi- 
cation are septate during growth. Septation regularly takes place 
in the neck, legs, and branches of the head when the protoplasm 
which they contain becomes used up in spore-formation, and mature 
spores showing the characteristic echinulations are to be found on 
fructifications in which no septa have as yet been found. The cross 
walls are thin in comparison with the thick lateral walls and quite 
irregularly disposed. Often one connects the lateral wall with an 
adjacent septum or extends as a shelf but part way across the hypha. 
The branches of the crown easily separate at their septa, and by 
judicious tapping with a needle the crown may be denuded of nearly 
all its sporiferous heads and branches. 

The only known form to which Thamnocephalis shows any close 
relationship is Sigmoidiomyces dispiroides Thaxter,+ and the two 
genera evidently form a group by themselves. The method of spore- 

4 THAXTER, R., North American Hyphomycetes. Bot. GAZETTE 16:22. pl. 4. 


figs. 15-18. 1891. Figures reproduced in ENGLER and PrRaAntv’s Pflanzenfamilien 
1':427. figs. 220 G-H. 
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formation on paired heads which are located at points of branching 
of the fertile hyphae is essentially the same for both species. The 
outgrowths on the convexities of the sterile branches in Sigmoidio- 
myces are represented in Thamnocephalis by mere protuberances; 
the spores and their echinulations are much reduced in the latter; 
and the branches of the fertile hyphae are not markedly curved in the 
mature condition. Sigmoideomyces fails, moreover, to show that 
striking differentiation into fertile crown, main stalk, and rhizoidal 
props, which is a unique feature of Thamnocephalis. Sigmoideo- 
myces was described from mature material, and it was not possible 
to determine the nature of the mycelium nor the time of septation of 
the fertile hyphae, but the similarity in the two forms would suggest 
that much the same condition exists as in Thamnocephalis. 

Marrucuor has emphasized the systematic importance of non- 
septate hyphae, and the condition in Cunninghamella shows that the 
presence of sporangia is not a sine qua non for admission to the com- 
pany of the mucors. The absence of septa in young growing hyphae 
is a mucor character, but hardly less characteristic is their presence in 
varying abundance in older hyphae from which the protoplasm has 
been withdrawn. Cunninghamella is no exception to this statement 
(jig. 3), but perhaps Piptocephalis and S pinellus macrocar pus furnish 
as striking examples of septation in fertile hyphae as the group 
affords. The delicate anastomosing mycelial hyphae further remind 
one of the similar condition in Syncephalis. THAXTER (/. c.), MATRU- 
cHot (/.¢.), and others have recognized the possibility of Rhopalo- 
myces belonging to the Mucorineae. Without evidence from cultures 
the relationship of Sigmoideomyces and Thamnocephalis with the 
mucors must be left as only a suggestion. 

Microscopic preparations and herbarium material of Thammno- 
cephalis quadrupedata have been deposited in the Cryptogamic Her- 
barium of Harvard University. 


NAPLES BIOLOGICAL STATION. 


EXPLANATION OF PLATE VI. 


The drawings were outlined with the aid of a camera lucida with the com- 
bination of Leitz and Bausch & Lomb lenses noted and have been reduced 
about one-quarter in reproduction. 
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Cunninghamella echinulata Thaxter. 


Fic. 1. Development of progametes; obj. 7. oc. 3. 
Fic. 2. Abstriction of gametes; obj. 7. oc. 3. 
Fic. 3. Young zygote in connection with short conidiophore through hypha 
which has lost its protoplasm and become septate; obj. 7. oc. 3. ” 
Fic. 4. Mature zygospore; obj. 7. oc. 3. 
Fic. 5. ‘‘Twinned” zygotes; obj. 7. oc. 3. 


Thamnocephalis quadrupedata, n. sp. 


Fic. 6. Hyphae of mycelium showing anastomoses; obj. 7. oc. 3. 


d - 
Fic. 7. Early stages of development of fructification; obj. 7. oc. 1. 
Fic. 8. Young fructification showing basal portion and formation of sporif- 
erous heads at first node of the crown; obj. 7. oc. 1. 
Fic. 9. Mature fructification from which many of the fertile branches and 
spores have been shed; obj. D. oc. 2. 
Fic. 10. Last fertile node of crown showing sterile terminal branches and 
young sporiferous heads from which the spores have not yet developed; obj. ¢y. 
OC. 3. 
Fic. 11. Fifth fertile node with sporiferous heads and spores; obj. ¢b. oc. 3. 
. 
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THE DEVELOPMENT OF THE HETEROTYPIC CHRO- 


MOSOMES IN POLLEN MOTHER CELLS. 
D. M. MoTrTieEr. 
(PRELIMINARY COMMUNICATION) 

THE theory of a reduction division in the spore mother cells of 
higher plants has gained considerable ground in the past two or 
three years; so that at present probably the majority of observers, 
who have devoted themselves almost constantly to the problems of 
the chromosomes, seem firmly convinced that one of the two mitoses 
in the formation of the tetrad is a “reducing” division. There is 
still, on the other hand, some diversity of opinion, and several years 
may elapse before cytologists will be strictly in accord upon this the 
most difficult of cell problems. 

One of the most important facts brought out by recent investiga- 
tions is the shifting of the point in the tetrad formation, at which the 
qualitative separation of the chromosomes is held to occur, from the 
second, or homotypic mitosis, to the first or heterotypic division. 
Since it has been shown by FLEMMING and MEvEs for the animal cell, 
and by GUIGNARD, STRASBURGER, and the writer, for the higher 
plants, that the daughter chromosomes of the heterotypic mitosis are 
split lengthwise as they separate in the metaphase, a more critical 
study has been devoted to the prophase of this division, and much 
light has been thrown upon certain obscure steps that have not as 
yet been satisfactorily explained. This double nature of the retreat- 
ing chromosomes was regarded as a second longitudinal fission, since 
it could be seen that the spirem was double in a very early prophase. 
This apparent second longitudinal division seemed to have proved 
beyond any shadow of a doubt that the second mitosis is not a reduc- 
ing division, as has been so insistently maintained by many zoolo- 
gists. Now that it has been shown that the homotypic mitosis in the 
spore mother cells of plants is not a reduction division, the question 
to be answered is whether in the heterotypic division the chromo- 
somes are bivalent, or whether the segments of each pair separate 
along the line of longitudinal fission. 
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Among those who are convinced of the bivalent character of the 
heterotype chromosomes, /. ¢., that this is a reducing division, two views 
are held as to the manner in which these chromosomes are formed. 
According to the view advanced by STRASBURGER (’o4) and FARMER 
(05), the chromatin spirem splits longitudinally, the two segments 
or daughter spirems fusing again shortly afterwards, and segments 
into pieces equal to two somatic chromosomes placed end to end. 
Each piece, or double chromosome, folds, either during or after the 
cross segmentation, to form the familiar paired rods, rings, loops, 
etc., so often figured by the several observers. Consequently the 
two segments of each chromosome are not daughter chromosomes, 
formed by a longitudinal splitting, but two somatic chromosomes, 
each of which is split lengthwise; but, as stated above, this longi- 
tudinal split is not usually recognizable until the meta- or anaphase. 
Jures Bercus (’o4, ’o5) and other students of GREGOIRE assert that 
the longitudinal fission, so readily observed in the spirem of the pro- 
phase of the heterotypic mitosis, is not a real longitudinal fission of 
the chromatin thread, but that, during the contracted phase of the 
nucleus, the so-called “‘synapsis,” the double spirem is formed by the 
approximation of two spirems, one being maternal and the other 
paternal. The chromosomes are therefore bivalent, and as they 
separate in metakinesis each splits lengthwise. BERGHs has studied 
Convallaria majalis, Lilium speciosum, Allium fistulosum, Narthecium 
ossijragum, Helleborus joetidus, and Drosera rotundijolia, and while 
he has presented an apparently closely connected series in the forma- 
tion of the chromosomes, certain very important steps seem to 
have been’ omitted and others incorrectly interpreted. 

STRASBURGER (’04) has based his conclusions upon a study of 
Galtonia candicans, a species claimed to be unusually favorable 
because of the small number of the chromosomes in the pollen 
mother cells, namely six. In this plant he finds that the spirem splits 
longitudinally in the early prophase of the heterotypic mitosis, as 
described by the writer several years ago, but the longitudinal split- 
ting does not lead to the separation of the segments; so that later, as 
the spirem shortens and becomes thicker, no trace of this fission can 
be seen. The spirem now segments transversely into the six chro- 


mosomes, and each of these segments again, in a similar manner, 
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into two pieces of equal Jength. Thus arise twelve chromosomes 
which come together in pairs to form the bivalent chromosomes. 

FARMER and Moore (’o5) in their joint publication have pre- 
sented the results of their observations upon animals and _ plants. 
Of the latter the familiar and oft studied Lilium candidum heads the 
list, and to this form alone reference will here be made. As has fre- 
quently been described, the chromatin ribbon of Lilium candidum 
splits longitudinally, and the halves usually separate more or less 
widely from each other. Later the halves reapproximate, and the 
split closes up again. At the same time the entire spirem shortens 
and thickens. The contraction goes on rapidly, and the original 
longitudinal split soon ceases to be noticeable, being visible in excep- 
tionally favorable cases only. .A rearrangement of the thread now 
sets in, such that parts of the spirem become pulled into parallel 
positions. This is well seen in those places where, at the bend of a 
convolution, an attachment to the nuclear membrane has taken place. 
In this manner, a close and parallel approximation of lengths of the 
entire spirem is effected; and this parallel arrangement, it is stated, 
has been commonly interpreted as representing the parallel split 
halves of the spirem thread. As a consequence of this rearrange- 
ment of the spirem, or parts which give rise to chromosomes, the 
segments when isolated very often exhibit the form of a loop, open at 
one end, with sides either parallel to each other, or more frequently 
twisted over one another. All chromosomes are not formed in this 
way however. Sometimes two, more or less straight, rodlets may 
unite so as to give rise to figures of rings, ellipses, etc. The point 
especially emphasized by the joint authors is “that the two rods, 
sides of loops, or whatever other form the structure as a whole may 
assume, represent, not the longitudinal halves of a split thread, but 
the approximation of serially distinct regions of the spirem as a whole. 
Thus each heterotypic chromosome is a bivalent structure, and their 
reduced number is due to the approximation and more or less inti- 
mate, though temporary, union of the equivalents of pairs of somatic 
chromosomes.” 

ALLEN (’05), who has made a very detailed study of this mitosis 
in Lilium canadense, does not conclude in favor of a reducing divi- 
sion. He interprets his results as indicating that a longitudinal 
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division of the chromatin precedes each of the two mitoses, the 
second fission occurring during the meta- or anaphase of the first, 
or heterotypic division. 

In my first study of Podophyllum, in 1896, certain steps in the 
development of the heterotypic chromosomes were never clearly 
understood, and at that time the phenomena in question were attrib- 
uted to poor fixation. On the appearance of STRASBURGER’S paper 
on Galtonia candicans, I again took up the study of Podophyllum, 
because of the facts just stated, and because the reduced number of 
chromosomes in this plant is only eight. This study has resulted in 
a clearer understanding of the phenomena in question, and for com- 
parison my study is being extended to other plants, among them 
being Lilium candidum. Although my study is not yet completed, 
and owing to the delay in publication which may ensue, it has been 
thought best to make public a brief statement of the conclusions 
reached in reference to the heterotypic chromosomes in the pollen 
mother cells of Podophyllum peltatum. 

It may be stated at the outset that my earlier description of the 
resting nucleus in the pollen mother cell of this plant is substantially 
correct. The fine linin network contains many small chromatin 
granules of uniform size and distribution. One or more nucleoli may 
be present. Following this comes the contracted condition, or 
synapsis. In my earlier publication this condition was regarded as 
being due to the action of reagents, but I am now convinced that the 
phenomenon is normal. Following synapsis, the loosening up of the 
contracted ball results in the chromatin spirem; and as soon as the 
spirem has emerged from the balled-up condition, or shortly after- 
wards, and has assumed a more regular arrangement, it is clearly 
seen to be split longitudinally. I am not, at this writing, prepared 
to state definitely whether the spirem is formed double as claimed 
by Bercus and ALLEN, but in the contracted condition portions of 
the thread which occasionally extend out free from the mass as a 
loop could-sometimes be seen to be double, or appearing as if split 
lengthwise. After all this is not strange, when we remember that 
the spirem is derived from a network, and nothing is more probable 
than that in the transformation of the net into the thread parallel 
threads of consecutive meshes would be approximated. It scems to 
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me now, though the statement is made with reserve, that the double 
nature of the spirem at this stage, referred to by BERGHS and ALLEN 
is due to the phenomenon just stated, and not to the approximation 
of two distinct spirems. 

Omitting details, the next step of importance is the clear and 
unmistakable manifestation of the longitudinal splitting of the 
chromatin spirem. In Podophyllum the segments of the spirem do 
not divaricate as in Lilium candidum, for example, but frequently 
parts of the two daughter spirems do separate for considerable 
stretches. The segments are more or less twisted about each other. 
Following this stage, the spirem shortens and thickens somewhat, and 
the longitudinal fission becomes less and less distinct, and finally 
almost every trace of the double nature of the thread disappears. 
The thread does not shorten nor thicken as rapidly, nor to the extent 
that it is usually supposed to shorten and thicken, before its trans- 
verse segmentation into chromosomes, and it is just at this point that 
the writer and many others have been led into error. The thread 
does, of course, shorten and thicken to some extent, and as a result 
its arrangement reaches its greatest regularity. This is the stage of 
the loose or hollow spirem so frequently observed. However, there 
is no well-marked regularity in the convolutions of the spirem through- 
out its entire length; some of its turns follow the nuclear periphery, 
while others traverse the interior. In the nuclear cavity the turns 
are often short and kinked. In sections including the whole nucleus, 
it is not possible to follow accurately the entire thread, but it seems 
that there are few or no free ends, and very rarely is any trace of a 
longitudinal split discernible. 

The stage of the loose and more regular spirem seems to persist 
for some time, as it is frequently met with in the preparations. The 
next step in the prophase has been one of the stumbling-blocks of 
cytologists, and it is the one that the writer ascribed to poor fixation 
in his earlier studies. It may be true that this stage is difficult of 
fixation, and that, together with its short duration, has probably been 
the main reason for the failure to understand its true significance. 
Just before the transverse segmentation of the spirem and the final 
differentiation into the chromosomes, the loose spirem loses the 
regular arrangement it may have had and undergoes a contraction 
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such that there is a parallel approximation of certain parts of the 
spirem to form long loops; while other parts, especially those near the 
center of the nuclear cavity, become knotted and entangled. In the 
closely contracted and entangled parts of the spirem it is not possible 
to make out clearly and definitely the arrangement of the chromatin 
thread, but there is no doubt as to the true nature of the longer loops. 
Sometimes the loops show a tendency to radiate from the more con- 
tracted entanglement of the spirem. The arrangement of these 
loops is very rarely so regular as figured by FARMER for Lilium candi- 
dum (l.c., fig. 9). The parallel sides of the loops are usually twisted 
upon each other, and the bend of the loop is often, though not always, 
toward the periphery of the nucleus. It is during this contracted and 
entangled condition that the thread segments, either partly or com- 
pletely into the chromosomes. After segmentation the chromo- 
somes begin to contract and thicken more rapidly, and as a result 
they become more scattered in the nuclear cavity, so that the rela- 
tion of the two segments toward each other can be readily made out. 
It is in this and the spindle stage that the chromosomes have been 
most frequently figured. Those which show the greatest regularity 
give the impression that they have been formed by a long piece of the 
spirem folding over in the form of a loop and the parallel sides of 
the loop twisting upon each other. Others appear as two parallel 
rods, which may or may not be twisted upon each other; and in still 
others the two segments are variously oriented toward each other, as 
has been figured time and again, and in the greatest profusion, by the 
diferent observers. 

When one considers the chromosomes in this stage and _ the 
longitudinally split spirem of the early prophase, the most natural 
conclusion is this, namely, that the two parallel rods, or the two seg- 
ments of each chromosome, of whatever shape, represent adjacent 
and parallel parts of the longitudinally split spirem; that the spirem 
thus split merely contracted and shortened, so that the two rather 
thick halves of each chromosome seemed to owe their thickness to 
contraction and shortening alone. As a matter of fact, however, the 
longitudinal split of the thread in Podophyllum becomes obliterated 
during the formation of the loose and more regular spirem, so that 
scarcely a trace of the fission can be seen; and, as previously stated 
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in the foregoing, the spirem contracts and thickens much less before 
its cross segmentation than has been supposed. The greatest con- 
traction occurs after segmentation, and furthermore the two seg- 
ments, or rods, of each chromosome do not represent the parallel 
halves of the longitudinally split spirem, but the approximation of 
serially distinct parts of the spirem as a whole. Each half of the 
chromosome is consequently double, resulting from the early longi- 
tudinal fission of the spirem, and this fission manifests itself during 
the meta- and anaphase. It is, therefore, the original longitudinal 
fission which has been regarded as a second longitudinal splitting. 
The heterotypic chromosomes of Podophyllum, therefore, are biva- 
lent, and the first mitosis in the pollen mother cells is a ‘“‘ reducing” 
division. This seems to me now to be the only proper interpretation 
of the heterotypic chromosomes in Podophyllum. The writer has 
been reluctant to give up the theory that a longitudinal fission 
occurs for each mitosis, and he has done so only after a long and 
careful study of many preparations. 


INDIANA UNIVERSITY, BLOOMINGTON. 
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RELATION OF TRANSPIRATION TO GROWTH IN 
WHEAT. 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY. 
LXXVILI. 
BURTON EDWARD LIVINGSTON. 
(WITH TWENTY-ONE FIGURES) 
INTRODUCTION. 

TRANSPIRATION being a continuous phenomenon in living plants, 
and being at the same time readily measurable, it has been suggested 
by Wuirney and CAMERon’ that here is a criterion for comparing 
the rates of growth of similar cultures made in different media. It 
was found at the start that when two cultures of wheat seedlings were 
prepared, exactly alike except that one was in a good soil and another 
in a poor, the total transpiration for a period of ten days or more 
was invariably much greater in the former culture, the difference 
between the two amounts of water lost being roughly equivalent to 
the difference between the agricultural values of the soils. It was 
deemed worth while to investigate this fact more’ carefully, and the 
present paper embodies the results of such investigations. 

The Russian variety of wheat known as “chul” was used in 
these experiments. The soil cultures were grown in wire baskets 
covered with paraffin, such as those described in the paper cited 
above. For any one series the initial moisture content of all the soils 
was the same, being about the optimum for plant growth under the 
conditions of the experiment. The transpiration was determined 
daily, or at intervals of four days or less, by the method of weighing; 
and the necessary amount of water was then added to bring the 
soil back to its original moisture content. The baskets of any series 
stood side by side in a plant house, being thus subjected to exactly 
the same changes in temperature, humidity, light, and air currents. 
Six wheat seedlings were grown in a basket. 

1 WHITNEY, M.and Cameron, F. K. Investigations in soil fertility. U. S. 
Department of Agriculture, Bureau of Soils, Bull. 23. 1904. 
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Water cultures were grown in black bottles of about 50°° capacity, 
the seedlings being first germinated in sand and then placed in cork 
stoppers in the manner described by the authors just referred to. 
Transpiration was taken by weighing, and the solutions were changed 
every few days. Otherwise, these were grown under the same con- 
ditions as were the basket cultures. Four wheat seedlings were 
grown in a bottle. 

At the end of an experiment the series was photographed, the 
tops were removed by cutting just above the seeds, the leaf surface 
was determined, and also the weight of tops and leaves. The deter- 
mination of leaf surface was made in the following way, which is a 
modification of that used by previous writers.?_ A plate of glass was 
coated with dextrin mucilage and the latter allowed to become nearly 
dry. On this was gummed the wheat leaves side by side, with their 
edges in contact so far as possible. When the mucilage had become 
thoroughly dry, but before the leaves had dried appreciably, a photo- 
graphic print of the leaf outline was made by direct contact. For 
this the developing paper called “velox” was used; after being 
developed, fixed, and washed the sheets were squeegeed and dried on 
ferrotype plates, face down, thus giving perfectly smooth, hard sur- 
faces. The white area of a print so prepared is equal to the area of 
one side of the leaves whose surface is to be determined. This area 
was measured by one of two methods, which were found to agree 
accurately: (1) it was measured directly by means of a planimeter; 
(2) its area was obtained indirectly by cutting around its margins 
with scissors and then weighing the white portion as well as the 
whole sheet. The area of the entire sheet having been first obtained 
from its dimensions, the required area of the white portion is easily 
obtained from the known quantities by calculation, assuming that 
the paper is uniform. The two weights were both obtained at the 
same time after cutting out the white portion, in order to avoid any 
errors due to changes in the moisture content of the paper. The 
uniformity of the latter was tested as follows: four rectangular pieces 
of velox paper were developed, fixed, washed, and dried as in the 

actual determination of leaf area. From each of these was deter- 


2 BuRGERSTEIN, A., Die Transpiration der Pflanzen. Jena. 1904. Pp. 24, 


et seq., and the references there made. 
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mined, by weighing and measurement, the weight of 1°4“™ of paper. 
The results are tabulated below: 








. te8 Average weight 
Area, sq cm Weight gr. of 154 cm 
ne) oe A > 229.852 3.642 0.01584 
PREEE Boecn ns 5s ss 109.650 r. 792 0.01616 
ROBE Ross ign 615.7 70.992 1.098 0.01547 
ccs Ot See raee 49.210 o.971 0.01565 





Average weight of 151°, by all tests, 0.01573; greatest variation from 
average, 0.00043; greatest variation from average in per cent. of average, 2.7 per 
cent. 

















Fic. 1 


From these figures and other similar ones it appears that this 
paper so treated is uniform within 3 per cent. of error. Since 
the planimeter method gives approximately the same results as that 
by weighing, the two methods can be used interchangeably. The 
former is the more direct and consumes less time and energy, so that 
where the instrument is at hand it should be used for this sort of work. 

In both soil and water cultures a number of duplicates were often 
carried through so far as transpiration was concerned. In such 
cases, owing to the great amount of work involved, the other meas- 
urements were made for only one series and not for the duplicates. 

The experiments, results of which are recorded in the present 
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paper, were carried out in the laboratories of the Bureau of Soils of 
the United States Department of Agriculture, Washington, D. C. 
I am indebted to Professor Mitton WuitNey, to Dr. F. kK. 
CAMERON, and to all the members of the laboratory staff for facilities 
and assistance without which the work could not have been done. 


Especially am I indebted to Mr. FRANK 274 
D. GARDNER, in charge of the Division “er 
of Soil Management, for cultures from a 
‘ = : 2 322—-— 5.234 
which a number of the series were / 3.10... .000 Sli y 
3.00,..---°°" 





obtained, and for the data themselves / 
in case of Series IV to X inclusive. 
EXPERIMENTS. 

The cultures will be 
described in the follow- 
ing paragraphs. It is to 
be remembered that for 
any single series the only 
environmental factors 





] - < 0.96 T 

which were varied are '”~3%; oss ~~ ass -—-—“"'—- ——— 4 

ee aN ry 06e wi 

those connected with the eosill am 
' 2 3 4 5 6 7 ry 


nature of the medium in 
which the roots were 
growing. The criteria for comparing the growth of the different 
cultures of a series are (1) total transpiration during the period of 
the experiment, (2) green weight of tops and (3) of leaves, and (4) 
area of leaves. In these studies aerial growth alone is considered, the 
investigations into the growth of roots being reserved for another paper. 
Series I.—A very poor natural soil from Takoma Park, Md., was 
used in this series. Basket no. 1 contained the natural soil and the 
others the same soil mixed with fermented stable manure in different 
amounts. The plants were weighed at intervals of from one to three 
days. The experiment lasted from October 25 to November 11, 
1904. A photograph of the series at the end of the experiment is 
shown in fig. 1. Data for the series are given in the following table. 
The baskets are arranged according to the total transpiration for the 
period of the experiment. 
These data are best presented in the form of curves (jig. 2). 
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DaTA FOR SERIES I. 











Treatment “ni Smo Leaf peng ing = ke 

yasket (T)s area (A)5 (WL)! A WI. 

ff ceo Sa ee ere ae ryee , ae. 27.657 Osh | 207 1288.2 
‘+ 5000 p. p. m.3 manure...| 2 41.0 42.182 0.73 | 0.99 | 57-4 

+ 10000 ‘a - | 3 1°§2.6 | 45-3092 | 0.87. | 1.16 |-60.4 

x + 15000 ; ied 4 g9.5 50.658 0.99 | 1.17 | 60.1 

sig + 20000 . 5 63.4 62.304 | 1.165 | 1.02 | 54.2 

“«  + 30000 i 6 | 76.2 | 83.207 | 1.635 | 0.91 | 46.4 

“<  + 40000 aS pl ey en 107; 85.982 | 1.760 | 0.97 | 47.5 

‘« + 50000 cy me 8 | 92.4 89.372 | 1.930 | 1.03 | 47-9 





Abscissas are here taken proportional to the amounts of manure in 
the different baskets, and a curve is drawn for each column of figures 
in the table, these being first reduced so as to be mutually compara- 
ble by calculating each quantity in terms of that for basket no. 1, 
considered as unity. The numbers so obtained are plotted as ordi- 
nates for their respective curves. Thus the curves all start at the 
same point and their nearness to coincidence or parallelism is 
the criterion for judging whether or not the different sets of meas- 
urements vary in the same order. The derived numbers, from 
which the curves are plotted, are placed upon them and need not be 
tabulated. The basket numbers (which correspond to the treat- 
ments, see the table) are placed below the curves in a horizontal line. 
A symbol corresponding to a column in the table is placed at the right 
of each curve and designates the particular set of data for which it is 
drawn. Thus, T is the curve of transpiration, A of leaf area, W/ of 


7 la hl 


Wl 


leaf weight, 4 transpiration per 2°¢°™ of total leaf area, and 


transpiration per gram of green leaves. 

It is seen immediately that the curves for transpiration, leaf 
weight, and leaf area all lie quite close to one another. Judging the 
relative growth of the different cultures by any one of these three 
curves results in arranging the baskets in identically the same series, 

3 p. p.m. will be used throughout to denote parts per million, by weight. 

4 The transpiration figures are always in grams. 

5 Leaf area is given for only one side of the leaves, always in square centimeters. 

6 In grams. 7 Transpiration per 254“ of total leaf area. 


8 Transpiration per gram of green leaves. 
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which is likewise the series obtained by arranging them in accord- 
ance with the amount of manure added. 
The two remaining curves indicate that both transpiration per 

















FIG. 3 


unit area of the leaves and transpiration per gram of their green 
weight are practically uniform throughout the series; their curves 


are nearly horizontal lines. Of 328 yy 








course this uniformity is due to the 
nearness to coincidence of the other 
three curves and is a criterion for 
judging of the latter property. There i — 
appears to be a very slight tendency i 
for the transpiration per 
square centimeter to be 
depressed in the better 
soils, and a somewhat 
more marked, but still 
slight, tendency for the 
other ratio to be depressed 
in the same way. 

In the following de- +0 
scriptions of series, the 





tables of observed data 
will often be omitted, the 
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numbers placed upon the curves showing their relative magnitudes, 
which alone are of interest here. 

Series II.—This series is identical in treatment with Series I. It 
lasted 18 days, from November 11 to November 29, 1904. 

The plants are shown in fig. 3, and curves for the series are given 
in fig. 4. It will be noticed that in this case both weight of leaves 
and weight of tops are represented, the latter being denoted by W7. 
Apparently the former increases somewhat more rapidly than the 
latter with increasing fertility of the soil. The curves of transpira- 
tion, leaf area, and the other two curves just mentioned lie so 














close together that according to any one of them the several baskets 
would fall into exactly the same series, which would again be iden- 
tical with that obtained by arranging them in accordance with the 
increasing amounts of manure used. Transpiration per unit area 
is fairly uniform throughout this series, but that per gram of green 
tops decreases slightly with increasing fertility. The series is on the 
whole in harmony with Series I. 

Series III.—This series is another duplicate of Series I. The 
experiment lasted from November 23 to December 14, 1904. The 
plants are shown in fig. 5, and fig. 6 represents the curves. If basket 
no. 2 were omitted from the series (and it is obvious that its data 
are very erratic, though wherein the error lies it is impossible to 
determine), the curves would take the general form as those of Series 
ITand II. It is again seen that the order of arrangement of the bas- 
kets by amount of transpiration agrees with that obtained from the 
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relative amounts of manure, leaf area, and weights of leaves and of 
tops. Here the two lower curves are again nearly horizontal lines. 


There is a slight tendency for transpiration per unit area to increase 
with increasing soil fertility, but this tendency is hardly shown at all 
in case of transpiration per gram, 


ant Series IV, V, and VI.— 
asy, These are duplicates of I, 
‘ II, and III respectively, 
carried on at the same time 
262, and in the same _ place. 
While the three already de- 
a ‘ scribed are based on a single 





basket of each treatment, 





Fic. 6 


those here presented are 
based on four baskets, con- 
taining in all twenty-four 
plants. Only transpiration 
and green weight of tops are 








considered; the other deter- —_'37, 
minations were not made ae 
here. 100 
Curves for these three ' * 3 #5 6 


‘ - ° a Fic. 7 
series are given in jigs. 7, 


8,and 9. In fig. 7 it is to be noted that culture 6, containing 30,000 
p-p.-m. manure in the Takoma soil, shows a discrepancy which was 
not found in Series I, of which this is a duplicate. No reason for 
this can be given. It is obviously due, however, to soil conditions, 
since the curve of transpiration follows closely that of weight, both 
exhibiting the same drop for culture 6. 
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There are no discrepancies in Series V; the curves of jig. 8 
approximate each other throughout and agree very well with those 
of Series IT. 

Series VI (fig. 9) shows a fall in transpiration in culture 3, which 
does not occur in Series III. This fall in transpiration is accom- 

ih panied by a very much 
— diminished relative weight, 
ee ‘ 
, although this does not 
amount to an actual depres- 













sion in the curve. Aside 
from this culture the series 
isin agreement with the pre- 
ceding, and the two curves 
are seen to be very closely 
similar throughout. 





For the six similar series 
so far described, it appears 
that total transpiration is as 
good a criterion as green 
weight for judging of the 
relative growth in these 
soils. The differences are 





' e 3 4 5 6 7 & 

generally somewhat more FIG. 9 
marked by the weight cri- 
terion than by that of transpiration. Series III is an exception to 
this, however. 

Series VII.—This series consists of Cecil clay? poor with various 
treatments as given in the following table. The samples which 

9 This soil is from near Statesville, N.C. It is a stiff reddish clay, considered the 
best soil of the Piedmont Plateau for general farming purposes. The good and poor 
varieties are markedly different agriculturally, but appear to be identical so far as soil 
analysis can determine. 
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received fertilizers were mixed with the latter, moistened, and 
allowed to stand several weeks with frequent stirring. The aerated 
soil was treated in the same way. At the end of this time lime was 
added to certain of the samples and the seeds were then planted. 
The proportions of fertilizers added are stated under “treatment” 
in the following table. wn ie, 


y i ig 
Where more than one vo 18 et erg te 
1.02 1.06 





fertilizer was used, 
each was in the same 
proportion as when ' * * * & “aa Oe 
used alone. The 

amount of lime added is given in the third column. Five baskets of 
six plants each were used for each treatment. The experiment lasted 
from November 19 to December 8, 1904. The data are given in 
the following table. Only transpiration and weight are given. The 
cultures are arranged in order of transpiration figures. 





DATA FOR SERIES VII 











Treatment Culture no. Pm a weight of poo 
bese tops (W2) (T) 

Cecil clay good added to poor........... I 4000 7.30 313.8 
10 per cent. Cecil clay poor, aerated..... 2 none 6.95 316.5 
NaNO3. B27. PoP Elhs ox aiee's son afe rey Secgencas es 3. | 2000 7.85 324.2 
EAME. “EOWOUM IN Mls s/c o's scfe evar ce se as 4 | none 7.50 337-5 
CastPO 4. FF De PUR ce icc aide eussc 5 | 2000 7.5010) 348.410 
NaNOy-+ Cag(PO gles snc sce he aecsesies 6 | 3000 8.35 351.1 
Stable manure: 7000p. p-M: « «0.0.06. 066 7 | 2000 7.50 353-7 
Beg DAO Peed aikido! sqoreg Bis 8 | 2000 8.35 3560.1 
NaNO;3+ K,8©O,+ Ca;(PO,):......... ; 9 | 3000 Q.05 361.3 
Cea clay poor, naturals... ss. ..2. 22.422 10 none 7.45 367.0 
BING a: BGT Peis Mikro sa cteres tnetait wws5re) 27a ene 11 | 4000 8.65 368.0 
NaNO 4-F Rg SO fisicseveni ce siestasaieaswinstes 12 | 3000 Q.10 372.9 





| 
| 
| 
| 


The curves are shown in fig. 10. That of transpiration is practi- 
cally a straight line and is nearly horizontal. The weight curve varies 
on both sides of that of transpiration, leaving the latter as approxi- 
mately the mean of the points of the former. No marked improve- 
ment of the soil by any of the treatments used is to be made out. 
All variations here are comparatively very slight. 


10 Only 29 plants; calculated numbers for 30 plants are: Wt, 7.80; T, 349.2. 





188 BOTANICAL GAZETTE [SEPTEMBER 


Series VIII.—This is a series similar to the last described, and 
carricd out at the same time, but having as its basis another 
natural soil, Leonardtown loam poor.'' For the treatments and 
data see the following table, in which the system of notation is the 
same as in the last. The cultures are again arranged by transpira- 

s3,,, tion figures. 

Curves for these 
data are given in fig. 
rz. They agree very 











well in all points with 
the last series dis- 
cussed. 

Series IX.—This again is similar to Series VII, and was carried 
out at the same time, but is made from Leonardtown loam good, 


Data FoR SeErtES VIII 











; “ otal tran- 
Treatment Culture no. a acta pre se 
a tops (Wt) (T) 
Leonardtown !oam poor, aerated......... I none 6.05 276.2 
Leonardtown loam poor, natural...... 2 none 5.80 280.3 
SO (ge OR Bic i fl 8s ac an era arise ener ara 3 2000 7.40 320.4 
Manis +a (POR oc. ods nes eran es 4 3000 7.80 333.0 
RSD gs RO WIAD AM 2:5 oak Sic tia eS oes oe 5 2000 7.gO 239-3 
ro per cent. Leonardtown loam, good 
BOGUS NIGOL so. ps snes oenien ewe 6 | 4000 7.60 347-5 
EMO pA STI: Win ovnw nnn 5 oie co na'e acess 7 2000 8.00 356.4 
SS ORE (SS Oe SS reese ees 8 4000 8.40 350.5 
Raine 9 8OGs~p: (eo Miss oes ae ees wane 9 none 7.45 362.0 
PIO St GNU be cacaesan ries hae seen 10 3000 8.90 S721 
Stable manure. 7000 p. p. m............ II 2000 7 428.0 
NaNO,K.SO,+ Ca;(PO,)a........-.+-- 12 3000 9.55 387.7 





and sodium nitrate was added at the time of planting in place of 
lime, as in the last two series. The system of notation is the same 
as above and the cultures are arranged as in the two preceding 
series. 

11 This soil was collected near Leonardtown, Md. It is a vellow silty loam, 
closely resembling loess, and is considered a good soil for general farming. It occupies 
arge areas in Maryland and Virginia, and to some extent in Kentucky. The good 
and poor varieties of this soil are related in the same manner as those of Cecil clay. 


Pe 
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DATA FOR SERIES IX 




















P.p.m. Green Total tran- 
Treatment Culture no.| NaNO, weight of spiration 
| added tops (Wt (T) 
10 per cent. Leonardtown loam _ poor | 
HOGER 10 BOOM 6 os. diaaissin ceed sees I 765 8.80 | 323.0 
Leonardtown loam good, natural. ........ 2 none 7.40% | 352.812 
BNO, FOP PDs sass aoe sewrcoae eds 3 606'3 10.10 375-6 
NaNO,+ K,SO, bhenesieend eb lae igo ce 4 382 II.00 384.6 
NaNO3+ K2SQOx4. Bey eck 5 none 10.50 308.6 
Manure. 7000 p. p. WiReey ci era) c stre Sa) nasa g at 6 637 11.70 402.1 
AGUE gos. FF BaP likes 6,6:0.05000!s satan ete 7 382 10.40 406.114 
WAHe: TOOO Ms Mls s.5-2 010s .059 sea a's és 8 510 10.7014| 410.0 
NaNOs--RGSO ig edscisawases dsandaes siete 9 none 10.20 424.1 
Beggs B90 Po fhe Ws. 3: 5:o's ielersin's a.0.005 rae 10 255 10.05 426.9 
Leonardtown loam good, aerated.......... II none 9.90 438.0 
INAINO 3s 529 De Poly «2 cgecwawe occas nas 12 | none 10.60 | 438.4 








The curves are given in fig. 12. With the exception of culture 2, 
and perhaps also of the last three cultures of the series, in which 
weight is low as com- 
pared to transpira- 
‘ > 100 
tion, these agree with 








the last two series dis- pt 

cussed. i.e Se SS eS ee Se eee 
Sys = ‘ Fic. 12 
Series X.—This 


consists of five different natural soils and a rich garden soil from the 
greenhouse. The experiment lasted thirty-four days, from November 
11 to December 15, 1904. Weight of both leaves and tops as well 
as transpiration and leaf area were determined. <A single basket of six 
plants was used for each soil. The data are given in the table. 
The arrangement is by transpiration figures. 


DATA FOR SERIFS X. 








Total Green 





aaa . - i satel Green T T 

Soil Basket | transpi Leaf we ight weiahikol j 

no. ration area(A)) leaves , 4A Wwe 

(T) (Wi |tops(Ws)) 

Cec Gav Pooks. cs ws kno esas I 68.8 | 48.1 0.70 | 0.86 | 1.43 | 80.1 
DAROMEDSOM 5 05 50g ea dans 2 70.6 | 48.8 | 0.72 0.73 | 0.86 | 82.1 
Leonardtown loam poor... .. 3 go.1 60.6 | 0.97 1.21 | 1.49 | 74.5 
Cecil clay good.. ae 4 go.1 63.8 1.02 1.28 | 1.41 | 70.4 
Leonardt: wn loan n “good. . eee 5 127.9 74.8 ra ¥.54 | 3-98 | 93-3 
Garden soil. 6 148.6 | 95.4 1.§4 2.11'| 4.56 | 70-4 





12 Only 29 plants; calculated numbers for 30 plants are: Wt, 7.65; 7, 365.1. 
13 KNO; in place of NaNO3. 


14 Only 29 plants; calculated numbers for 30 plants are: Wt, 11.10; T, 420.0. 
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The plants are shown in jig. 13, and the curves in fig. 14. Those 
for weight, transpiration, and leaf area approximate each other very 
well. With increasing fertility of the soil the transpiration increases 
somewhat more rapidly than the area, while the same function 
increases somewhat less rapidly than the weight of tops. Thus the 

















curve of transpiration per unit area rises slightly, while that for 
transpiration per gram falls to about the same degree. The last two 
curves, however, both approximate horizontal straight lines. 

245 Series XI.—This is a 
study of soil extracts made 
from the soils used in Series 
X. The plants were grown 
in bottles, as has been 
already stated. One bottle 
containing four plants was 
used for each culture. The 
experiment lasted from 
November 11 to December 
1, 1904. The extract was 
changed every four days, and the transpiration was taken at the same 
intervals, beginning November 15. The plants were about three days 








old when placed in the bottles, the seeds having been germinated in 
sand. The data are given in the table. 

A photograph of the series is given in fig. 15, and curves in fig. 16. 
It will be observed that the criteria other than transpiration dis- 
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Data For Serres XI. 











ee Culture |, Total bo Green T 

Soil extract ho. transpira-) Yr eee | Weight of = — 

. tion (T) “vey tops (Wt) A Wt 

(WI) 

RAROMA'SOU 6 60 Soccnc esse acasees I 41.9 | 1.07 | 1.45 0.61 28.9 
Ceciliglay poor... ccs sc0c aes 2 54-9 1.09 | 1.44 0.75 38.1 
Leonardtown lOAM POOF. 6... 4.5 <4: 3 63.8 1.47 | 1.917 0.70 33.2 
Cecil Chav GOOs. <56.506 oss nas sas 4 70.8 1.40 | 1.918 | 0.80 | 36.9 
Leonardtown loam good. .......... 5 75.8 E:76) | 2.35 O.36] 37.3 
RSGGEN SOD) sce aise cng eee cece 6 | tr36| 2:90) 2:98 0.96 | 40.1 





| 
| 


agree with the latter in the relation of cultures 3 and 4. By trans- 
piration the soil of 4 is considerably better than that of 3, but by the 
. other criteria it is a 





trifle poorer. Besides 
this discrepancy there 
appears a rather 
marked disagreement 
between the differ- 
ence between 1 and 2 
and that between 5 
and 6. Comparing 
2.66, 


















FIG. 15 


this set of curves with 
those of Series X, we 
find that the order of 
arrangement of the soil 
extracts (by transpira- 


.00 0.99 





tion) differs in one 
point from that of the — 

soils themselves. By the soils, Cecil clay poor stands lower than 
Takoma soil, while by extracts this is reversed. However, by all 
four criteria these two are practically equivalent in the former series, 
and the same is true in the latter by all criteria but transpiration. 
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Transpiration both per unit area and per gram of tops increases quite 
markedly with the increasing fertility of the extract. 

Series XII.—This consists of duplicates of cultures 1, 2, 4, and 
6 of Series XI. The cultures were carried on at the same time as 
were those of the former series. One bottle, containing four plants, 

2 was used for each culture. Leaf 
area was not determined. The curves 
are given in fig. 17. 

From them it is seen that the 
greatest discrepancy between weight 
and transpiration in Series XI (that 
occurring in culture 4) does not 
appear here, and the discrepancy in 
culture 2 also disappears. The 
relatively high transpiration of the 
garden soil is again exhibited, but 








" eaprieeronams « by both weight and _ transpiration 
the cultures fall in the same order, 


and this is the order 





obtained in the pre- 
ceding series. Regard- 
ing the relation of 
Takoma soil to Cecil 
clay poor, it may be 
that the deleterious 
propertiesof the former 
are more pronounced 
in aqueous extract 
than in the soil itself. 

Series XIII.— This 


consists of five differ- 





ent nutrient solutions. 
No. 1 is a solution of 











the necessary salts 

which had already had satin 

wheat plants growing in it for twenty days. No. 2 is the same with 
one part per million pyrogallol added. No. 3 is the same but with ten 
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times as much of the chemical. No. 4 is a nutrient solution exactly 
like no. 1 but freshly made. No. 5 is the used nutrient solution with 
manure extract added. The cultures lasted from October 11 to 
November 8, 1904. The transpiration was taken for 17 days, from 
October 22 to November 8. 


2or A photograph of 


we the series is shown in 
iso, jig. 18, and curves are 

I given in jig. 19. The 
.v first three cultures 
show practically the 








z 3 2 $ same weights and leaf 
ete areas, and nos. 2 and 
3 show about equal transpirations. The transpiration numbers for 
nos. 2 and 3 are somewhat greater than that for no. 1. Nos. 3, 
4, and 5 show about the same rela- 
tion to each other by all three cri- 
teria, transpiration, weight, and area. 
In other words, the transpiration is 





surprisingly high in the two cultures 
containing pyrogallol. In some way 
this substance usually accelerates 
growth of roots, and this may explain 
the discrepancies above referred to. 





The question here brought up will 
be deferred to a future time. 

Series XIV.—This consists of 
soil extracts all made by the method 
described by WHITNEY and CAME- 
RON (loc. cit.). No. 1 is an extract 











of the poor Takoma soil used in rene 

Series I, etc., but which had been used for the growth of wheat 
before for a period of twenty days. No. 2 is of the same extract 
freshly made with addition of one part per million pyrogallol. No. 
3 is the same as the last without pyrogallol; and no. 4 is similar, 
but with addition of manure extract instead of the chemical. The 
period is the same as that for Series XIV. 
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The photograph for this series is given in jig. 20, and the curves 
in fig. 21. The three criteria arrange the cultures in the same order, 
although by transpiration the difference between nos. 2 and 3 is 
emphasized. Transpiration per unit area increases somewhat with 
the fertility of the solution; while 
that per gram is practically uni- 
form throughout the series. The 
former of these ratios thus appears 
to vary in the opposite direction 
from that shown in certain of the 
soil series already described. It 
may be that the presence of a 
superabundance of water about the 





roots raises the transpiration per 
. . s 4 gram and per unit area above what 





it would be if the roots were in soil. 


CONCLUSION. 

From the experiments which have been described the conclusion 
seems evidert that total transpiration of wheat plants grown in vari- 
ous media is as good a criterion for comparing the relative growth in 
these media as is the weight of the plants. That these two criteria 
vary generally with the weight and area of the leaves gives the expla- 
nation for this conclusion. The facts are made clear that, for the 
types of media investigated at least, the amount of transpiration is 
practically a simple function of the leaf surface; and that this latter 
varies quite uniformly with the leaf weight, which in turn varies with 
the weight of the entire tops. Thus total transpiration appears to 
be a measure for the growth of the plant. With some series there 
seems to be a slight variation in the ratios of transpiration to 
weight and to area respectively, according to the nature of the 
medium; but these variations are so small when compared 
with those of their component terms, and lack uniformity in 
the different series to such a degree that they are practically 
negligible in the comparison of the cultures. It thus appears 
that the nature of the soil or solution in which the roots are 
grown has little or no influence on those structural and_ physi- 
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ological properties of the leaves which control the amount of 
water lost per unit of leaf surface. The water loss per unit area of 
leaves is practically uniform throughout the different treatments; 
therefore the variations in total transpiration exhibited are due not 
to any difference in structure or activity of the leaves, but simply to 
the differences in extent of leaf surface developed. 

In making use of this criterion of transpiration for the comparison 
of different nutrient media, it must be borne in mind that, as in all 
other biological experimentation, there will occur unexplained vari- 
ations, and the truth must be attained by the summation of the 
results of a number of experiments. Many of the unexplained dis- 
crepancies of the experiments just described might not have occurred 
had the number of plants used been larger. The individual varia- 
tion among wheat plants is found to be great, so that the larger the 
number of plants used the nearer would the result approach the true 
average. 

Also, it must be remembered that if total transpiration is 
decreased by temperature, atmospheric conditions, etc., the differ- 
ent members of a series will approach each other in the amount of 
water lost; were transpiration checked completely, all the members 
would agree. It is thus necessary to have good conditions for evap- 
oration from the leaves where such experiments are carried on, in 
order to magnify the differences in transpiration and keep them well 
above the limits of experimental error. 

The method for comparison of plant growth here provisionally 
established for wheat is found also to hold for the grasses generally. 
This doubtless rests on the fact that the leaves of these plants are 
linear and of continuous basal growth. Whether or not it can be 
adapted to other groups of plants is not yet determined. 


THE UNIVERSITY OF CHICAGO. 








RUSTS ON COMPOSITAE FROM MEXICO. 
J. C. ARTHUR. 

Tue following enumeration of two hundred collections of Mexican 
rusts on Compositae comprises part of Mr. E. W. D. HoLway’s 
material obtained on his several trips into Mexico, not heretofore 
published; together with two specimens collected by C. G. PRINGLE, 
communicated by Mr. HoLway; two by Rose and PAINTER, com- 
municated by Dr. J. N. Rose; one by E. W. NELson, communicated 
by Dr. W. G. FArtow; and one by SELER, found in the phanerogamic 
herbarium of the N. Y. Botanical Garden. Of the fifty-four species 
in the list it has been found necessary to describe eighteen as new. 

It is interesting to note that the genus Puccinia embraces three- 
fourths of all the species, and the genus Coleosporium one-half of 
the remaining number. Two new species are described under 
Dietelia, with some misgivings. Both of them are accompanied with 
spermogonia, and are devoid of a peridium. Whether these differ- 
ences should constitute valid ground for separation into a new genus 
is problematical without further knowledge of their life histories and 
affinities. Cronartium, Pucciniosira, Uredo, and Ecidium with one 
species each, and Uromyces with two species are the remaining genera. 

The present communication is another illustration of Mr. Hot- 
WAY’s skill as a collector, and his service in making known the Mex- 
ican rust flora. 

1. COLEOSPORIUM VIGUIERAE Diet. and Holw. 

On Viguiera helianthoides HBK., Tehuacan, Nov. 18, 1903, no. 5355; V. 
dentata Spreng., City of Mexico, Oct. 14, 1898, no. 3055. 

2. COLEOSPORIUM VERBESINAE Diet. and Holw. 

On Verbesina virgata Cayv., Oaxaca, Oct. 21, 1899, no. 3711; Cuernavaca, 
Oct. 30, 1903, no. 5298; Amecameca, Nov. 20, 1903, no. 5427: V. montanoijolia 
Rob. & Greenm., Patzcuaro, Oct. 19, 1898: V. pinnatifida Cav., Oct. 1896. 

3. COLEOSPORIUM ANCEPS Diet. and Holw. 

On Verbesina sphaerocephala A. Gr., Sayula, State of Jalisco, Oct. 7, 1903, 
no. 5124; Zapotlan, State of Jalisco, Oct. 10, 1903, no. 5145. 
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4. COLEOSPORIUM SOLIDAGINIS (Schw.) Thuem. 

On Aster paucijlorus Nutt., City of Mexico, Oct. 10, 1898, no. 3071 a. 

5. COLEOSPORIUM PARAPHYSATUM Diet. and Holw. 

On Liabum discolor Benth. and Hook., Guadalajara, Sept. 28, 1903, no. 5062. 

6. Coleosporium Dahliae, n. sp.—Uredosori hypophyllous, irreg- 
ularly scattered, round, 0.5™™ across or less, soon naked, pulveru- 
lent; uredospores irregularly ellipsoid, 16-22 by 24-304, wall color- 
less, rather thin, 2#, closely and strongly verrucose: teleutosori 
hypophyllous, irregularly scattered, sometimes confluent, roundish, 
about 0.5™™ across, waxy; teleutospores oblong, 18-21 by 45-7op, 
rounded at both ends, early septate, bright orange-yellow fading to 
pale olive-yellow. 

On Dahlia variabilis (W.) Desf., in city park, Guadalajara, Oct. 6, 1903, no. 
5121. 

7. Coleosporium Steviae, n. sp.—Uredosori hypophyllous, scat- 
tered unevenly and often thickly, round, o.25-0.5™™ across, early 
naked, pulverulent; uredospores ellipsoid to globoid, somewhat 
angular, 18-23 by 26-35, wall colorless, rather thin, 1.5-2#, finely 
verrucose: teleutosori hypophyllous, scattered, often confluent, 
irregularly orbicular, o.25-0.5™™ across, waxy; teleutospores form- 
ing a single layer beneath the epidermis, cylindrical, 12-19 by 50-75, 
truncate or rounded at both ends. 

On Stevia trachelioides (DC.) Hook., Nevada de Toluca, 3,000 ™ alt., Oct. 
15, 1903, no. 5159 (type): S. rhombijolia HBK., Amecameca, Oct. 20, 1903, no. 
5186; Rio Hondo, near City of Mexico, Oct. 4, 1899, no. 3565: S. viscida HBK., 
Santa Fé, near City of Mexico, Oct. 18, 1903, no. 5172: S. reglensis Benth., 
Santa Fé, near City of Mexico, Oct. 18, 1903, no. 5169: S. monardaefolia HBK., 
Cuernavaca, Sept. 26, 1898, no. 3014; Amecameca, Oct. 20, 1903, no. 5181: 
S. salicifolia Cav., Patzcuaro, Oct. 17, 1898, no. 3008; Toluca, Sept. 17, 1898, 
no. 3135, Sept. 4, 1903, no. 6778 (Rose & Painter); Pachuca, Oct. 27, 1903, no. 
5248; Santa Fé, near City of Mexico, Oct. 18, 1903, no. 5176. 

8. CRONARTIUM PRAELONGUM Wint. 

On Eupatorium sp., Orizaba, Oct. 8, 1898, no. 3041. 

9. Dietelia Eupatorii, n.sp.—Spermogonia amphigenous, numer- 
ous, crowded in small groups, punctiform, rather conspicuous, 
immersed, subepidermal, globoid, 1oo-150@ broad; ostiolar fila- 
ments becoming agglutinate: teleutosori hypophyllous and caulico- 
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lous, crowded in orbicular groups, often circinating about the spermo- 
gonia, on stems causing small swellings up to 1°™ long, on discolored 
spots, very small, o.2-0.3™™ across, round, somewhat waxy; peridia 
wanting; spores ellipsoid, more or less angular from pressure, 20-25 
by 24-36, wall golden-brown, smooth, medium thick, 1. 5-24. 

On Eupatorium patzcuarense HBK., Amecameca, Oct. 21, 1903, no. 5205 
(type): Eupatorium sp., near City of Mexico, Oct. 9, 1898, no. 3033. 

This and the following are the first species belonging to this genus reported 
from North America. They both differ from the type in the absence of a perid- 
ium, and in the presence of spermogonia. Like the type, however, they both 
have the sori separated from the tissues of the host by a filamentous layer of 
delicate, colorless hyphae. The form on Eupatorium is waxy, with smooth con- 
solidated spores, like the type, the spores germinating in the sorus upon maturity. 
The form on Vernonia is not waxy, but pulverulent. 

10. Dietelia Vernoniae, n. sp.—Spermogonia chiefly epiphyl- 
lous, numerous, crowded in orbicular groups, punctiform, golden- 
yellow becoming brown, prominent, subepidermal, depressed-globoid 
or somewhat conical, 130-145 broad; central cavity large; ostiolar 
filaments becoming agglutinate: teleutosori hypophyllous, crowded 
opposite the spermogonia in annular groups of 2-7, or solitary, round, 
0.5™™ across, soon naked, pulverulent, ruptured epidermis notice- 
able; peridia wanting; teleutospores ellipsoid or globoid, more or 
less angular and irregular from pressure, 22-27 by 30-37; wall 
very pale yellow, medium thick, 1.5-2, closely and strongly verru- 
cose, except a small spot at the base, tubercles somewhat deciduous. 

On Vernonia (probably V. Deppiana Less.), Jalapa, Mex., Oct. 2, 1898, 
no. 3111. 

11. PUCCINIOSIRA BRICKELLIAE Diet. and Holw. 

On Brickellia secundiflora A. Gr., Pachuca, Oct. 27, 1903, no. 5249: Brick- 
ellia sp., Guadalajara, Sept. 22, 1903, no. 5020; Zapotlan, State of Jalisco, Oct. 
10, 1903, no. 5144; Amecameca, Nov. 20, 1903, no. 5428. 

12. UReEpDO PARTHENII Speg. 

On Parthenium hysterophorus L., San Andres Chalchicomula, near Mt. 
Orizaba, Oct. 8, 1898, no. 3228. 

13. Ecrpium CLipapi Syd. 

On Clibadium arboreum J. D. Smith, Jalapa, Oct. 2, 1898, no. 3114. 


14. Uromyces senecionicola, n. sp.—Teleutosori hypophyllous, 
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thickly scattered, irregularly roundish, 0.5™™ or less across, long 
covered by the grayish epidermis; teleutospores obovoid, more or less 
angular, 20-25 by 24-36, obtuse or rounded at apex, narrowed at 
base, wall golden-brown, rather thin, 1-24, much thicker at apex, 
3-6, concolorous; pedicel nearly colorless, thick, two-thirds length 
of spore or less. 

On Senecio Roldana DC., Amecameca, Oct. 20, 1903, no. 5183 (type), Oct. 
31, 1899, no. 3752: Cacalia sp., Patzcuaro, Oct. 20, 1898, no. 3182. 

The morphological characters and gross appearance of this species closely 
resemble those of Puccinia senecionicola, except that the teleutospores are one- 
celled instead of two-celled. A very few uredospores were seen, which resembled 
those of P. senecionicola closely, except that they were quite colorless, which may 
have been due to weathering, or to their origin in teleutosori as an obsolescent 
form of spore. <A single group of hypophyllous aecidia was also found, accom- 
panied by epiphyllous spermogonia, but too old for securing accurate 
characterization. 

15. UROMYCES CUCULLATUS Syd. 

On Zexmenia sp., Iguala, Oct. 4, 1900 (C. G. Pringle): Perymenium Ber- 
landiert DC., Amecameca, Oct. 31, 1899, no. 3753: P. verbesinoides DC., Cuer- 
navaca, Sept. 30, 1898, no. 3116: P. Mendezit DC., Pachuca, Oct. 5, 1899, 
no. 3578, Oct. 28, 1903, no. 5257: P. discolor Schrad., Oaxaca, Nov. 10, 1903, 
no. 5362, Nov. 14, 1903, no. 5417. 

16. Puccinia senecionicola, n. sp.—Uredosori amphigenous, some- 
what gregarious or solitary, round, small, tardily naked, pulverulent, 
cinnamon-brown, ruptured epidermis noticeable; uredospores glo- 
boid, 24-27 by 25-32, wall cinnamon-brown, thin, sparsely and 
strongly echinulate, pores 2, opposite in the equator: teleutosori 
hypophylleus, thickly scattered and somewhat confluent, punctiform 
or bullate, long covered by the epidermis; teleutospores oblong or 
oblong-clavate, 16-27 by 42-60, obtuse, truncate or even rounded 
at apex, and often oblique, more or less narrowed at base, slightly or 
not constricted at septum, wall golden-brown, sometimes darker 
above, rather thin, little to much thickened at apex, 3-12, con- 
colorous; pedicel short, nearly colorless. 

On Senecio angulijolius DC., Amecameca, Oct. 20, 1903, no. 5189 (type), 
Oct. 31, 1899, no. 3762; Pachuca, Oct. 6, 1899, no. 3586, Oct. 28, 1903, no. 
5254; Oaxaca, Oct. 22, 1899, no. 3714; Nevada de Toluca, 10,500't alt., Oct. 
15, 1903, no. 5162: S. sinuatus HBK., Pachuca, Oct. 28, 1903, no. 5252: Cacalia 
Pringlet Wats., Zapotlan, State of Jalisco, Oct. 9, 1903, no. 5143: C. ampullacea 
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Greenm., Pachuca, Oct. 5, 1899, no. 3572, Oct. 27, 1903, no. 5244: C. sinuata 
: G. amplijolia DC., Oaxaca, Oct. 23, 
1899, no. 3725: C. obtusiloba Rob. & Greenm., Cuernavaca, Sept. 30, 1899, 
no. 3538, Oct. 30, 1903, no. 5299; Patzcuaro, Oct. 17, 1898, no. 3171: Cacalia 
sp., Guadalajara, Sept. 14, 1899, no. 3417; Uruapan, Oct. 11, 1899, nos. 3617, 
3015. 


7 
Cerv., Patzcuaro, Oct. 16, 1898, no. 3196 


17. PuccintA TITHONIAE Diet. and Holvw. 

On Tithonia tubaejormis A. Gr., Acambora, Oct. 21, 1899, no. 3143; near 
Tula, Sept. 20, 1898, no. 3197: T. speciosa Hook., Sept. 28, 1898, no. 3119. 

18. Puccinia globulifera, n. sp.—Uredosori hypophyllous, small, 
round, scattered, pulverulent, cinnamon-brown; uredospores globose, 
small, 15-18 in diameter, wall medium thick, 2#, cinnamon- 
brown, evenly and strongly echinulate, pores 2, opposite in the equa- 
tor: teleutosori amphigenous, small, round, scattered, somewhat 
pulverulent, blackish; teleutospores oblong-globose, 22-25 by 24-32#, 
semiopaque, rounded at both ends, not constricted at the septum, 
wall dark chocolate-brown, 3m thick, closely and evenly aculeate with 
strong conical points; pedicel colorless except near the spore, slender, 
firm, 5-6 thick, twice the length of the spore or longer, place of 
insertion indefinite, often at the septum. 

On Otopap pus epalaceus Pringlei Greenm., Iguala, Nov. 3, 1903, no. 5313. 

This species is widely different from P. Otopappi Syd., which has smooth 
teleutospores of the common obovate-ellipsoid form. 

19. PuccrytA AsterIs Duby. 

On Aster paucijlorus Nutt., City of Mexico, Oct. 10, 1898, no. 3071. 

20. Puccinia Gymnolomiae, n. sp.—Uredosori hypophyllous, 
scattered, small, early naked, pulverulent, bright cinnamon-brown; 
uredospores globoid or obovate-globoid, 20-24 by 21-27, wall 
golden yellow, rather thin, 1-2, closely and strongly echinulate, 
pores 2, opposite, in the equator or often much lower: teleutosori 
hypophyllous, scattered, small, somewhat pulverulent, chestnut- 
brown; teleutospores elliptical, 26-30 by 36-45, rounded at both 
ends, which are strongly introverted and concave when dry, much 
constricted at the septum, wall chestnut-brown, smooth, evenly thick, 
3-4, apex slightly thicker with a very low semiyhaline umbo; pedicel 
colorless, about once length of spore. 

On Gymnolomia subjlexuosa Benth. & Hook., Oaxaca, Oct. 17, 1899, no. 3645 
(type): G. patens brachypoda Rob. & Greenm., Jalapa, Oct. 2, 1898, no. 3113. 





o 
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This species does not include the rusts on species of Gymnolomia occurring in 
the United States throughout the Rocky Mountain region, which belong to 
Puccinia Helianthi Schw. 

21. PuccintA ENCELIAE Diet. and Holw. 

On Encelia adenophora Greenm., Etzatlan, State of Jalisco, Oct. 2, 1903, 
no. 5092; Oaxaca, Noy. 10, 1903, no. 5360: Encelia sp., Guadalajara, Oct. 3, 
1903, no. 5102. 

22. Puccinia Caleae, n. sp.—Spermogonia epiphyllous, crowded, 
in small groups opposite the aecidia, punctiform, inconspicuous, 
globoid, 100-130# broad: aecidia hypophyllous, in circular groups, 
peridia cylindrical, lacerate; aecidiospores globoid, 18-24 by 20-27, 
wall pale yellowish, thin, closely and prominently verrucose: uredo- 
sori amphigenous, in small groups or scattered, small, early naked, 
pulverulent, cinnamon-brown; uredospores globoid, or obovate- 
globoid, 20-24 by 24-30, wall dark cinnamon-brown, medium 
thick, 1.5-2.5#, sparsely and strongly echinulate, pores 2, opposite 
and near the equator: teleutosori chiefly epiphyllous, scattered, 
1-1.5™™ across, early naked, somewhat pulverulent, blackish; 
teleutospores obovate-oblong or ellipsoid, 20-30 by 40-54, obtuse 
above, narrowed below, sometimes rounded at both ends, slightly 
or not constricted at septum, wall dark chestnut-brown, smooth, 
thick, 3-3.5#, apex unthickened, or with a more or less prominent 
and paler umbo, sometimes with a similar umbo on the lower cell 
next the septum; pedicel colorless, firm, once to twice length of spore. 

On Calea axillaris urticaefolia Rob. & Greenm., Sayula, State of Jalisco, 
Oct. 8, 1903, no. 5126 (type): C. Zacatechichi rugosa Rob. & Greenm., Cuer- 
navaca, Oct. 30, 1903, no. 5301: C. hypoleuca Rob. & Greenm., Oaxaca, Nov. 
10, 1903, nos. 5364, 5384: Calea sp., Etzatlan, State of Jalisco, Oct. 2. 1903, no. 
5097 - 

23. Puccinia Axiniphylli, n. sp.—Uredosori not seen; uredo- 
spores in the teleutosori ellipsoid or globoid, 16-24 by 21-26, wall 
yellowish, thin, 1-1.5#, sparsely and strongly echinulate, pores 
probably 3 and equatorial, very indistinct: teleutosori hypophyllous, 
irregularly gregarious, or scattered, somewhat confluent, small, 
tardily and imperfectly naked, dull chestnut-brown; teleutospores 
oblong or obovate-oblong, irregular, large, 24-30 by 45-60, obtuse 
or obliquely truncate above, somewhat narrowed below, slightly or 
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not constricted at the septum, wall smooth, cinnamon-brown, or 
partly darker, rather thin, 1.5-2.5#, much thickened above, 7-124; 
pedicel tinted, firm, 7-12 broad, half length of spore or shorter. 

On Axiniphyllum tomentosum Benth., Oaxaca, Oct. 21, 1899, no. 3710; 
Etla, State of Oaxaca, Nov. 13, 1903, no. 5393. 

24. Puccinia Noccae, n. sp.—Uredorosi amphigenous, small, 
scattered, pulverulent, cinnamon-brown; uredospores globoid, 18-24 
by 20-28, wall pale brown, rather thin, 1.5-24, evenly echinulate, 
pores 3, in the lower hemisphere, often close to the base: teleutosori 
amphigenous, small, scattered, blackish, somewhat pulverulent; 
teleutospores broadly oblong or elliptical, 26-31 by 32-42, rounded 
at both ends, or obtuse at apex, not constricted at septum, wall 
smooth, dark chestnut-brown, thick, 3-4, thicker at apex, 10-124, 
a broad semihyaline umbo at apex, often a similar one on the lower 
cell; pedicel colorless, firm, once to once and a half length of spore. 

On Nocca decipiens Kuntze, Sayula, State of Jalisco, Oct. 7, 1903, no. 5122 
(type): .N. rigida Cay., Cuernavaca, Oct. 29, 1903, no. 5262: N. suaveolens 
(HBK.) Cass., Oaxaca, Oct. 23, 1899, no. 3724. 

25. Puccinia jaliscana, n. sp.—Uredorosi hypophyllous, small, 
round, pale yellowish, soon naked, somewhat pulverulent; uredo- 
spores globoid or oblong-globoid, 18-24 by 21-27, pale brownish 
or nearly colorless, wall rather thin, 1.5-2#, minutely echinulate- 
verrucose, pores 6-8, scattered: teleutosori chiefly hypophyllous, 
small, round, early naked, blackish, somewhat pulverulent; teleuto- 
spores elliptical, 20-24 by 30-39", rounded at both ends, slightly 
constricted at septum, semiopaque, wall chocolate-brown, promi- 
nently verrucose, thick, 2.3-3#, slightly thicker at apex, 4-64; 
pedicel colorless, once or once and a half length of spore. 

On Porophyllum Holwayanum Greenm., Sayula, State of Jalisco, Oct. 8, 
1903, NO. 5130. 

26. PuccintA PoROPHYLLI Henn. 

On Porophyllum macrocephalum DC., Cardenas, Oct. 22, 1898, no. 3152; 
Yautepec, Oct. 24, 1903, no. 5238: Porophyllum sp., Guadalajara, Sept. 15, 
1899, no. 3431; Chapala, Sept. 17, 1899, no. 3439 bis. 

27. PUCCINIA TAGETICOLA Diet. and Holw. 

On Tagetes tenuijolia Cav., Sept. 12, 1899, no. 3403; Etla, State of Oaxaca, 
Noy. 16, 1903, no. 5425: T. filijolia Lag., Cuernavaca, Sept. 26, 1898, no. 3031; 
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Guadalajara, Sept. 28, 1903, no. 5028: T. lucida Cav., Patzcuaro, Oct. 19, 1898, 
no. 3233; Cuernavaca, Oct. 29, 1903, no. 5264: T. micrantha Cav., San Angel, 
City of Mexico, Oct. 1, 1900 (C. G. Pringle): Tagetes sp., Guadalajara, Sept. 15, 
1899, no. 3423; Oaxaca, Oct. 20, 1899, no. 3685; City of Mexico, Oct. 19, 1903, 
no. 5179. 

28. PuccintA ZEXMENIAE Diet. and Holw. 

On Zexmenia podocephala A. Gr., Patzcuaro, Oct. 20, 1898, no. 3215, Oct. 

3, 1899, no. 3626; Chapala, Sept. 20, 1899, no. 3468: Z. jasciculata A. Gr., 

Patzcuaro, Oct. 18, 1898, no. 3101; Cuernavaca, Sept. 30, 1899, no. 3530: Z. 
ceanothijolia Schz. Bip., Guadalajara, Sept. 28, 1903, no. 5058; Cuernavaca. 
Oct. 29, 1903, no. 5268: Z. helianthoides A. Gr., Cuernavaca, Sept. 30, 1899, no, 
3531: Z. elegans Schz. Bip., Patzcuaro, Oct. 13, 1899, no. 3632: Z. crocea A. Gr., 
Cuernavaca, Sept. 25, 1898, no. 3016; Cuautla, State of Morelos, Oct. 23, 1903, 
no. 5232: Z. aurea B. & H., Rio Hondo, near City of Mexico, Oct. 4, 1899, no. 
3506: Zexmenia sp., Chapala, Oct. 5, 1903, no. 5116. 

A number of these collections have well developed aecidia with the other 
spores, and no. 3016 shows only aecidia. The teleutospores are quite variable 
in size and roughness of surface. 

29. PuccrniA opaca Diet. and Holw. 

On Zexmenia sp., Guadalajara, Sept. 29, 1903, no. 5069; Patzcuaro, Oct. 
16, 1898, no. 3002. 

One of these collections, no. 5069, shows aecidia in good condition. The 
aecidia are deep-seated in the tissues, appear hemispherical on the surface, and 
open by a small orifice; the peridial cells are loosely united, and fall away readily; 
the aecidiospores are somewhat smaller than those in Puccinia Zexmeniae, and 
have a thicker wall. 

30. Puccinia Diaziana, n. sp.—Teleutosori hypophyllous, in 
open groups, 3-8™™ across, on pale spots, often annular, small, 
0.25™™ or less in diameter, round, pulvinate, chestnut-brown or 
lighter; teleutospores linear-oblong or oblong-fusiform, 15-21 by 
38-54, usually narrowed and obtuse at each end, slightly constricted 
at septum, wall cinnamon-brown, paler below, smooth, thin, 1-1. 5#, 
much thickened at apex, 5-8“; pedicel slightly tinted, thick, half 
length of spore. 

On Ximensia encelioides Cav. (Verbesina encelioides A. Gr.), City of Porfirio 
Diaz, State of Coahuila, Oct. 10, 1900. 

This species belongs to the LEPpTropucciNIA section, as the spores germi- 
nate freely in the sorus, centrifugally as they mature. It differs from most species 
of this section inhabiting composite hosts by having the sori well separated from 
one another, instead of crowded in a compact group. 
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31. Puccinia semiinsculpta, n. sp.—Uredosori amphigenous, 
scattered, round, small, o.2-0.3™™ across, cinnamon-brown, soon 
naked, pulverulent; uredospores broadly elliptical or globoid, 17-25 
by 22-28, wall 2m thick, echinulate, pores indistinct, probably 3 
and equatorial: teleutosori amphigenous, or often only epiphyllous, 
scattered, round, small, o.2-0.5™™ across, often confluent, soon 
naked, pulverulent, chocolate-brown, or compact and cinereous 
from germination; teleutospores broadly elliptical or elliptical- 
obovate, 25-36 by 4o-s5op, round at both ends, or narrowed below, 
slightly or not constricted at septum, wall finely to coarsely reticulate- 
verrucose, thick, 4-6, slightly or not thickened at apex, 5-9», 
concolorous, often thinner below; pedicel colorless, 4-7# thick, once 
to twice length of spore, more or less minutely rough. 

On Vernonia Alamani DC., Amecameca, Oct. 31, 1899, no. 3754 (type); 
Patzcuaro, Oct. 17, 1898, no. 3105, Oct. 10, 1899, no. 3602, Oct. 13, 1899, no. 
3631; Oaxaca, Nov. 11, 1903, no. 5379; Amecameca, Oct. 20, 1903, no. 5190: 
Vernonia sp., Chapala, Sept. 19, 1899, no. 3459; Cuernavaca, Sept. 30, 1899, 
no. 3540; Oaxaca, Oct. 18, 1899, no. 3668. 

The different collections vary in appearance. In some of the collections 
most or all of the sori are dark and pulverulent, in others they are compact and 
pale from germination, while in others its two forms are variously intermixed. 
The spores from germinating sori are thinner-walled, lighter-colored, and more 
obovate. The extreme forms are quite unlike, but all gradations occur, even 
on the same leaf. The uredosori are quite inconspicuous. 

32. Puccinia egregia, n. sp.—Uredospores from the teleutosori 
globoid, 23-26 by 24-28, wall golden-yellow, rather thin, echinulate, 
pores 3, equatorial: teleutosori amphigenous, scattered, pulvinate, 
chocolate-brown; teleutospores ellipsoid, 27-30 by 35-46#, rounded 
at both ends, slightly or not constricted at septum, wall thick, 4-6, 
slightly or not thickened at apex, coarsely and prominently verrucose, 
with conical and well separated papillae; pedicel colorless, 5-6 
thick, twice length of spore. 

On Vernonia uniflora Schz. Bip., Oaxaca, Dec. 29, 1895, no. 1739 (Seler). 

This specimen was obtained in looking over the phanerogamic herbarium at 
the New York Botanical Garden. It is a very marked species. The host was 
determined by VOLKENs, as recorded on the label. 

33. PucciniA ELEcTRAE Diet. and Holw. 

On Electra Galeottit A. Gr., Oaxaca, Nov. 11, 1903, no. 5387, Nov. 13, 1903, 
no. 5394. 
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34. Puccinia Zaluzaniae, n. sp.—Uredosori chiefly epiphyllous, 
scattered, round, small, soon naked, ruptured epidermis evident; 
uredospores obovate, 16-21 by 23-27, wall golden-brown, rather 
thin, 1.5-2#, sparsely and finely echinulate, pores 2, opposite in the 
equator: teleutosori chiefly epiphyllous, scattered, very small or 
punctiform, confluent, somewhat pulverulent, blackish; teleutospores 
semiopaque, ellipsoid, 21-27 by 39-45, obtuse or rounded at both 
ends, slightly or not constricted at septum, wall dark chocolate-brown, 
minutely rugose, medium thick, 1.5-2.5#, thicker at apex; pedicel 
colorless éxcept next the spore, tapering downward, lowest third 
noticeably roughened, twice length of spore. 

On Zaluzania asperrima Schz. Bip., Tehuacan, Nov. 7, 1903, no. 5347. 

This species is much like Puccinia Electrae, but has smaller and less roughened 
spores, which form smaller sori. 

35. Puccrnta Cirsit Lasch. 

On Carduus lomatolepis (Hemsl.), City of Mexico, Oct. 14, 1898, no. 3047: 
C. orizabensis (Klatt.), Toluca, Sept. 19, 1898, no. 3133: Carduus sp., Patz- 
cuaro, Oct. 17, 1898, no. 3102; Uruapan, Oct. 11, 1899, no. 3616; Etla, State of 
Oaxaca, Oct. 23, 1899, no. 3730. 

36. Puccinia concinna, n. sp.—Uredospores in the teleutosori 
globoid, 19-22 by 24-28, wall thin, 14, minutely echinulate, pores 
4, approximately equatorial: teleutosori chiefly hypophyllous, scat- 
tered, roundish, o.5-1™™ across, pulvinate, blackish; teleutospores 
oblong or ellipsoid, 24-30 by 37-50#, rounded or obtuse at apex, 
rounded below, slightly or not constricted at septum, wall chocolate- 
brown, smooth, thick, 3-3.5#, thicker above, 6-10“, concolorous; 
pedicel colorless, except next the spore, delicate, once to thrice length 
of spore, often deciduous. 

On Conoclinium Greggii (A. Gr.) Small (Eupatorium Greggit A. Gr.), Sierre 
Madre, Sept. 29, 1899, E. W. Nelson, comm. W. G. FARLow. 

This species is much like the South American P. Eupatorit Diet., but differs 
in having thinner-walled uredospores, with twice as many pores, and much 
thicker-walled teleutospores. The sorus of the North American form is also 
larger and earlier naked. 

37. PUCCINIA INANIPES Diet. and Holw. 

On Eupatorium brevipes DC., Oaxaca, Nov. 10, 1903, no. 5375: E. hirsutum 
DC., Cuernavaca, Oct. 30, 1903, no. 5274: Eupatorium sp., Sayula, State of 
Jalisco, Oct. 8, 1903, no. 5128. 
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38. PuccINIA ESPINOSARA Diet. and Holw. 


On Eupatorium espinosarum A. Gr., Oaxaca, Nov. 10, 1903, no. 5366: E. 
Smithit Rob., Oaxaca, Nov. 10, 1903, no. 5365. 


3g. PuccintA CONOCLINIL Seym. 


On Eupatorium Neaeanum DC., Etla, State of Oaxaca, Nov. 13, 1903, no. 
5410. 

40. Puccinia rosea (D. and H.), n. n. 

On Eupatorium deltoideum Jacq., Amecameca, Oct. 20, 1903, no. 5202; 
Oaxaca, Oct. 21, 1899, no. 1119: E. tubijlorum Benth., Patzcuaro, Oct. 17, 1898, 
no. 3007, Oct. 19, 1898, no. 3232, Oct. 10, 1899, no. 3600: E. glabratum HBK., 
Pachuca, Oct. 28, 1903, no. 5255; Amecameca, Oct. 22, 1903, no. 5204: E. 
trinervium Schz. Bip., Oaxaca, Nov. 14, 1903, no. 5418: E. Gonzalezii Rob., 
Etla, State of Oaxaca, Nov. 13, 1903, no. 5403: Eupatorium sp., Cuernavaca, 
Sept. 26, 1898, no. 3013; Patzcuaro, Oct. 17, 1898, no. 3100: Stevia rhombijolia 
HBK., Jalapa, Oct. 2, 1898, no. 3107; Pachuca, Oct. 5, 1899, no. 3581, also 
Sept. 1, 1903, no. 6724 (Rose & Painter): Ageratum corymbosum Zacc., Yautepec, 
Oct. 23, 1903, no. 5235; Cuernavaca, Sept. 28, 1899, no. 3509: A. strictum 
Cuernavaca, Sept. 30, 1899, no. 3533. 

The uredospores and teleutospores of this species closely resemble those of 
Puccinia Conoclinii, but are noticeably larger. 


41. PuccrstA DESMANTHODII Diet. and Holw. 


On Desmanthodium jruticosum Greenm., Oct. 9, 1903, no. 5130: D. ovatum 
Benth., Etla, State of Oaxaca, Nov. 13, 1903, no. 5402. 

42. Puccinia paupercula, n. sp.—Teleutosori hypophyllous, 
crowded in orbicular groups, 1-4™™ across, minute, punctiform, con- 
fluent, soon naked, compact, chocolate-brown, usually cinereous by 
germination; teleutospores oblong or lance-oblong, 15-17 by 39-50#, 
acute or obtuse at apex, obtuse or narrowed at base, slightly or not 
constricted at septum, wall smooth, rather thin, thicker at apex, 
7-9 #; pedicel colored like the spore, firm, one half length of spore or 
less. 

On Elephantopus spicatus Juss., Veracruz, Oct. 5, 1898, no. 3074. 

This species differs from Puccinia Elephantopodis P. Henn., from Argentine, 
by the position and arrangement of the sori, as well as in the shape and size of the 
spores. 

43. PuccinrA ABRUPTA Diet. and Holw. 

On Viguiera excelsa Benth. & Hook., City of Mexico, Oct. 18, 1903, no’ 
5174; Amecameca, Oct. 20, 1903, no. 5197: V. tenuis A. Gr., Guadalajara, 








at 








1905] ARTHUR—RUSTS ON COMPOSITAE FROM MEXICO 207 
Sept. 30, 1903, no. 5079: V. helianthoides HBK., Santa Fé, near City of Mexico, 
Oct. 18, 1903, no. 5173; Tehuacan, Nov. 8, 1903, no. 5358: V. buddleijormis 
Benth. & Hook. f., Patzcuaro, Oct. 20. 1898, no. 3217, Oct. 13, 1899, no. 3630; 
Rio Hondo near City of Mexico, Oct. 4, 1899, no. 3563; Morelia, Oct. 14, 1899, 
no. 3634: Viguiera sp., Guadalajara, Sept. 29, 1903, no. 5070. 

The teleutospores on each species of host differ a little from all the others. It 
would be possible to make as many species of rusts as there are species of Viguiera, 
but the differences are of a character that can very plausibly be ascribed to the 
influence of the host, and it seems more in keeping with the present conception 
of species, therefore, to list these slight variations, whose limits are yet undeter- 
mined, under a single name. The specimens cited, therefore, include what have 
been separated as Puccinia abrupta D. & H. and P. subglobosa D. & H. An 
examination of the type material of P. Viguierae Peck, discloses the fact that the 
host was incorrectly determined by the collector. The rust is clearly not one of 
the forms on Viguiera, but is doubtless P. Helianthi Schw. 


44. PUCCINIA NANOMITRA Syd. 


On Viguiera eriophora Greenm., Oaxaca, Oct. 21, 1899, no. 3689: V. dentata 
Spreng., Oaxaca, Oct. 25, 1899, no. 3744. 


45. PuccintA IostEPHANES Diet. and Holw. 
On Tostephane heterophylla Benth., Cuernavaca, Oct. 30, 1903, no. 5291. 
46. PUCCINIA COGNATA Syd. 


On Verbesina tetraptera A. Gr., City of Mexico, Oct. 11, 1898, no. 3061; Rio 
Hondo, near City of Mexico, Oct. 4, 1899, no. 3564; Patzcuaro, Oct. 13, 1899, 
no. 3627; Oaxaca, Oct. 21, 1899, no. 3706: V. pinnatifida Cav., Cuernavaca, 
Nov. I, 1993, nd. 5327: V. spierocephila A. Gr., Zipotlan, State of Jalisco 
Oct. 9, 1903, no. 5141: V. montanoifolia Rob. & Greenm., Patzcuaro, Oct. 16, 
1898, no. 3000, Oct. 10, 1899, nos. 3605, 3606; Morelia, Oct. 8, 1899, no. 3592. 

The collection on V. sphaerocephala is without teleutospores, and is referred 
here with some slight doubt, as the uredospores of several related species are 
much alike. In deciding upon the boundaries of this species it has not been 
possible to agree with Sypow in his Monographia Uredinearum. The Schwein- 
itzian species, which is founded upon a South Carolina collection, probably on 
Verbesina occidentalis, although the specific determination was not made at the 
time, appears to be confined to southeastern United States, and is not yet reported 
on any other host than V. occidentalis. The species named by Lone Puccinia 
similis, and changed by Sypow to P. cognata, occurs from Texas southward, 
upon a variety of hosts. It may be identical with the South American P. Spegas- 
ziniana DeT., but the exact proof is not at hand. The form on P. montanoijolia 
has slightly smaller and paler spores, but otherwise the same. No. 3606 is 
accompanied by an abundance of aecidia. 


47. PtuccrntA FEROX Diet. and Holw. 








> 
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On Verbesina diversifolia DC., Oaxaca, Oct. 21, 1899, no. 3692; Etla, 
Oaxaca, Nov. 14, 1903, no. 5396. 

48. PuccrniA AFFINIS Syd. 

On Verbesina trilobata Rob. & Greenm., Oaxaca, Nov. 15, 1903, no. 5420: 
Verbesina sp., Etzatlan, State of Jalisco, Oct. 2, 1903, no. 5093. 

49. PUCCINIA TUBERCULANS E. and F. 

On A plopappus spinulosus DC., Aguas Calientes, Sept. 12, 1899, no. 3404: 
Bigelovia veneta A. Gr., Pachuca, Oct. 27, 1903, no. 5250, Oct. 5, 1899, no. 3584. 

50. PuccrINIA PRAEMORSA Diet. and Holw. 

On Brickellia veronicaejolia A. Gr., Tehuacan, Nov. 7, 1903, no. 5343- 

51. PuccrNnIA DECORA Diet. 

On Brickellia megalodonta Greenm., Guadalajara, Sept. 22, 1903, no. 5022. 

52. PUCCINIA INVESTITA Schw. 

On Gnaphalium semiamplexicaule DC., Santa Fé, near City of Mexico, Oct. 
13, 1903, no. 5175; Amecameca, Oct. 20, 1903, no. 5191: G. leptophyllum DC., 
Nevada de Toluca, Oct. 15, 1903, no. 5155: G. oxyphyllum DC., Amecameca, 
Oct. 20, 1903, no. 5194: Gnaphalium sp., Oaxaca, Nov. 11, 1903, no. 5381. 

53. PUCCINIA EVADENS Harkn. 

On Baccharis glutinosa Pers., Etla, State of Oaxaca, Nov. 13, 1903, no. 5409: 
B. pteronicoides DC., Patzcuaro, Oct. 14, 1898, no. 3099: Baccharis sp., City of 
Mexico, Sept. 20, 1896. 

54. PucctinrA BACCHARIDIS-MULTIFLORAE Diet. and Holw. 

On Baccharis multiflora HBK., Santa Fé, near City of Mexico, Oct. 18, 1903, 


no. 5166; Amecameca, Noy. 20, 1903, no. 5430: B. elegans HBK., Oaxaca, 
Nov. 11, 1903, no. 5382. 


PURDUE UNIVERSITY, 
Lafays tte, Ind. 

















A MORPHOLOGICAL STUDY OF ULMUS AMERICANA, 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY. 
LXXVIII. 

CHARLES H. SHATTUCK. 

(WITH PLATES VII-IX) 

A stuDy of this species was suggested by the interesting results of 
recent investigations in this region of the Archichlamydeae; notably 
those of KARSTEN (12), Miss BENSON (1), ZINGER (22), and NAWAs- 
CHIN (16). 

METHODS. 

Collections were made from February 13 to May 1, 1903, and 
repeated during the same period for 1904. During the first year 
collections were made on alternate days throughout the more rapid 
period of growth, and at intervals of ten days at other times. During 
the second year the same plan was followed except that collections 
were made every day during the period of fertilization and embryo 
growth. 

The ovules are covered with a dense growth of hair which pre- 
vents sinking in the killing fluid; but after immersion in 95 per cent. 
alcohol they sink at once. A 2 per cent. solution of chromo- 
acetic acid was found to give the best results as a killing agent for all 
but the oldest stages; these requiring a somewhat stronger solution. 

The material was imbedded in paraffin and the sections were cut 
from 2 to 1o# in thickness. A preparation of Le Page’s glue and 
glycerin was used for fixing sections to the slide (glue 40 parts, 
water Io parts, glycerin 50 parts). The albumen and several other 
fixatives were first tried, but all failed to fix the sections to the slide. 
The glue mixture is as perfectly transparent on the slide as Mayer’s 
albumen fixative, is more easily prepared, is a much stronger adhe- 
sive, will keep indefinitely, and is not so easily coagulated by heat. 

The most satisfactory combination for staining the ovules was 
found to be safranin and gentian violet. The addition of orange G 
to the above brought out the pollen tubes best, as they hold the gen- 
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tian violet after it is drawn from the nucellus and integuments. 
The male cells stained best in orange G. Haidenhain’s iron-haema- 
toxylin gave good results, as did also gentian violet. 

FLOWERS. 

The earliest stages in the development of the flower were not 
studied. The first collecting was done on February 13, when the 
ovule was found to contain a clearly defined megaspore, and the 
anthers to be in the pollen mother cell stage. By March 25 the 
trees were in full bloom. 

The method by which self-pollination is prevented, at least to a 
large extent, is of interest. When the flower bud first opens, the 
two-parted stigma is found protruding beyond the anthers and is 
ready for pollination (fig. 1). About two of the more centrally placed 
flowers in each cluster are somewhat earlier than the others in length- 
ening their flower stalks and filaments and in opening their anthers 
(jig. 2). The first flower to open its anthers has an excellent oppor- 
tunity to pollinate the entire cluster. At the same time this flower 
may be prevented from self-pollination only by the pollen from 
some earlier flower having reached its exposed stigma before its own 
anthers were opened. In many instances the stigmas of flowers 
whose anthers were not yet open were found covered with pollen 
grains, some of which had developed tubes. As the time requi ed 
for the pollen tube to complete its growth is from one to three days, 
it is quite evident that these early tubes will have completed the act of 
fertilization in each flower before its own pollen grains have an oppor- 


tunity to begin the development of tubes. 


' MICROSPORANGIUM. 

On February 13 the microsporangia were well formed. Most of 
the sporogenous cells of the four chambers were in the spore mother 
cell stage, in which they had evidently passed the winter (jig. 3). 

It is of interest to note that at this stage it is impossible to distin- 
guish any definitely organized tapetum, the cells all having the same 
size and shape, and giving the same reaction to stains. Sporangia 
of the same date were found in which the mother cells had passed 
into the synapsis stage (jig. 4); the nucleolus staining red and the 
chromatin mass violet. Many of the cells which were functioning 
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as tapetum contained two or three nuclei and abundance of food 
material which stains deeply. 

The tapetum consists generally of a single layer; and is derived 
from the original sporogenous mass. This is clearly shown by the fact 
that the two layers of cells within the endothecium never contribute 
to the formation of tapetum, but break down early while the endo- 
thecium itself enlarges (fig. 5). That the tapetum is derived from 
the original sporogenous mass is further shown by its extension 
inward, sometimes to the depth of several layers (jig. 4), more or less 
intermingled with the cells which are functioning as spore-forming 
tissue. Bower (2) has shown that in Equisetum from one-fourth 
to one-third of the sporogenous cells disorganize and do not form 
spores. He says ‘their function is that of a diffused tapetum and 
there can be no doubt that their substance contributes to the nutri- 
tion of the survivors.”’ 
in Ulmus. 


This contribution seems to be very evident 


WYZLIE (21) has shown in Elodea that there is a regular contribu- 
tion to the tapetum from the sporogenous mass; WEBB (20) shows 
in Astilbe that the tapetum has the same origin as the spore mother 
cells; LAND (14) notes that in Ephedra it is often impossible to dis- 
tinguish the tapetal cells from adjacent mother cells, mentioning that 
the tapetum seems to be potentially sporogenous tissue which has 
become sterile by virtue of its position; and CoULTER (6) states that 
in Ranunculus it seemed as if the whole tapetum were cut off from the 
periphery of the sporogenous mass. The tapetum in Ulmus is surely 
composed of sterilized sporogenous cells. 

On February 15 the pollen mother cells are just beginning to pass 
from their winter stage, for on the same slide mother cells were found 
in the resting stage (jig. 3), in synapsis (fig. 4), in the first mitosis 
(jig. 6), and in the second mitosis (fig. 7). Ten days later the tetrads 
were well formed (jig. 5); also there were many cells containing four 
free nuclei, evidently just preparing to form microspores (fig. 8). 

The tapetum begins to break down about March 1, and by March 
12 is entirely absorbed. At this time the tetrads are uninucleate 
(jig. 9). The two inner layers of the sporangium wall also rapidly 
break down and disappear. At the same time the endothecium 
enlarges; its cells take on a cork-like appearance and do not stain 
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well; later the irregular thickening bands appear in its cells 
(fig. 5). 

The filaments do not begin to elongate until March 20, when they 
extend quite rapidly, the microsporangium being fully mature 
March 26. 

MEGASPORANGIUM. 

On February 13 the megasporangium consisted of the nucellus 
containing a single hypodermal archesporial cell and a single integu- 
ment. The archesporial cell divides by a periclinal wall, and the 
outer daughter cell also divides by a periclinal wall, giving rise to 
two parietal layers of cells (fig. 23); one of these occasionally again 
divides. The megasporangium evidently passes the winter in the 
megaspore mother cell stage, thus being identical in this particular 
with the microsporangium. 

By February 15 the mother cell begins to enlarge. It accom- 
plishes this chiefly by elongation, the long embryo sac pushing its 
somewhat pointed lower extremity deep into the tissue of the nucellus 
(fig. 24). The second integument appears February 25. By March 
15 the first integument has closed over the top of the nucellus (jig. 
27), whose crown cells have already begun to enlarge and divide pre- 
paratory to forming the long beak-like or archegonium-like necks 
shown in figures of more mature stages. These archegonium-like 
necks strongly resemble those figured by Miss Lyon (15) for Eu phor- 
bia corollata. They differ however from those of Euphorbia in that 
they do not project through or beyond the integuments, but press 
against them. Possibly the rapid anticlinal divisions of the cells of 
the inner integument cause the elevation, thus forming a dome-like 
cavity into which the beak-like tip of the nucellus grows (figs. 27-35). 
The integuments are fully developed by March 25. A third integu- 
ment was clearly made out in a number of instances (jig. 27), which 
is probably due to the splitting of the outer integument. 

MALE GAMETOPHYTE. 

The mother cells were found in the first and second mitosis on 
February 15 (jigs. 6-7). About February 25 there appears a dis- 
tinct though delicate wall about each of the four young spores,which 
are still enclosed by the wall of the mother cell (fig. 9). The wall 
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of the mother-cell gradually breaks down and by March 1 the micro- 
spores are rounding off; many of them have formed their tube and 
generative nuclei. These are at first very much alike, but the tube 
nucleus soon becomes larger and stains more deeply (fig. 10). At 
this time the two coats can be clearly distinguished, the exine having 
acquired an uneven, reticulate surface and showing five very dis- 
tinct openings (figs. 10-11) through which the intine can be seen. 

The division of the generative nucleus was observed March 23, or 
before the dehiscence of the sporangia (fig. 12). At this time the 
tube nucleus shows signs of disintegration which is completed by 
March 26. The tube nucleus was often found disintegrating when 
the pollen tube was just starting, and was never found to leave the 
pollen grain, and in my judgment it never does so in U/mus ameri- 
cana. Perhaps this is due to the fact that the pollen tube is not 
more than 3™™ in length. 

It was definitely determined that the male structures are cells, 
and not merely nuclei, the delicate limiting membranes being clearly 
made out. During a large part of their existence in the pollen grain 
these lenticular cells are attached to each other by their adjoining 
ends in such a manner as to make them appear in longitudinal sec- 
tion as if astride of the tube nucleus (fig. 73). WyYLte (21) has 
shown that in Elodea the male cells are attached in a similar manner. 


FEMALE GAMETOPHYTE. 


The mother cell does not form the usual tetrad, but functions 
directly as a megaspore (jig. 23). This condition is well known in 
many angiosperms. While no instance of more than one mega- 
spore was ffound, the fact that there are frequently two embryo 
sacs in‘the older stages at once suggests the possibility that the 
megaspore mother cell in Ulmus may yet be found like that of 
Juglans, a closely allied form, to vary in the number of megaspores 
it forms, or possibly to form occasionally two mother cells. This 
would account for the double embryo sacs (jigs. 55-56). 

In the early part of February the megaspore shows only slight dif- 
ferentiation, being but little larger than the adjacent cells (jig. 23). 
The nucleus however is quite large, deeply staining, and begins to 
show signs of preparation for division. 
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The actual mitosis resulting in the binucleate embryo sac was 
not observed, but binucleate sacs were found March 11 (jig. 25), in 
which the spindle fibers between the nuclei had not yet disappeared. 
3y March 16 these nuclei had again divided, showing a great varia- 
tion in the arrangement of the resulting four nuclei (jigs. 26, 27, 60). 
On March 17 the third mitosis (fig. 28) shows one nucleus dividing 
parallel to the main axis and three at right angles to it. Figs. 29-31 
are even more perplexing than the foregoing, showing that rapid 
divisions have occurred in various planes. 

After reaching the eight-nucleate stage there are, in a majority of 

cases, no further nuclear divisions; the egg apparatus begins to 
organize, the antipodals take their proper place, and the polar nuclei 
move toward each other preparatory to fusion (jig. 30). However, 
in very many cases, there is further nuclear division without any 
indication of polarity, the nuclei being distributed promiscuously 
throughout the cytoplasm of the sac and all apparently alike (figs. 
31-55). 
Mitotic figures were not found in the sac after the eight-nucleate 
stage was reached, but many sacs were examined containing as high 
as twelve (occasionally more) free nuclei very evenly distributed and 
very similar in appearance. Later a number of embryo sacs were 
found having more than eight nuclei and showing polarity. In these 
four nuclei were in the micropylar and eight or more in the antipodal 
end of the sac (jig. 32). Fig. 54 shows the only observed exception 
to the above rule. (These numbers include also the nuclei which are 
to function as polars at a later date.) 

The antipodals, excepting two or three, soon disintegrate. The 
remaining ones enlarge rapidly, sometimes rivaling the egg in their 
prominence (jigs. 53-54). They seem, however, to be of the passive 
type common among Archichlamydeae. 

The embryo sac of Ulmus americana, therefore, shows a condi- 
tion intermediate between the regular eight-nucleate angiosperm 
type and the sixteen-nucleate sac of the Peperomia described by 
CAMPBELL (3) and JOHNSON (II). 

The fusion of the eight nuclei to form the endosperm nucleus in 
Peperomia has its parallel in the fusion of several nuclei in Ulmus 
for the same purpose. NAWASCHIN (16) has reported an instance 
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of three polar nuclei fusing in Ulmus and I have frequently observed 
three or four nuclei in contact and evidently preparing to fuse (figs. 
58-59). Several cases were found where a well formed egg appeared 
in the antipodal end of the sac (figs. 36, 50, 54, 56). Notwithstand- 
ing the fact that in each of these cases the structures seemed to be 
normal eggs in every particular, I hesitated to adopt this interpreta- 
tion until later, when embryos were discovered in the antipodal ends 
of two sacs, and in each of which a larger and older embryo appeared 
in the micropylar end (jigs. 51-52). These antipodal embryos are 
wholly within the sac and I do not think they were produced 
apogamously. 

In 1895 CHAMBERLAIN (5) found in Aster novae-angliae what he 
termed an antipodal oosphere, calling attention to its cytological 
resemblances to the ordinary oosphere, and stating that “‘we need 
only fertilization and the formation of an embryo to completely 
establish its right to the name.” 

Lately Miss OPPERMANN (17) has found an antipodal egg in 
Aster undulatus, with the sperm lying against the cytoplasm of the 
egg, thus proving that fertilization does actually occur. 

TRETJAKOW (19) has found the antipodal embryo which, since 
Miss OPPERMANN’S discovery we are justified in concluding comes 
from a fertilized antipodal egg, thus making the history complete 
and establishing beyond a reasonable doubt the right to call this 
structure an egg. As the conditions mentioned above were all found 
in Ulmus, I feel justified in calling these antipodal structures eggs. 
There are two well formed synergids which enlarge nearly to the size 
of the egg. One of these usually disappears about the time the pol- 
len tube enters the sac. The other generally persists until after the 
first division of the egg. 

The polar nuclei were never found actually fusing, though they 
were often found in close contact (fig. 33), in which condition they 
seem to remain for some time. 

WyLie (21) has shown that in Elodea the actual presence of the 
pollen tube in the ovule is necessary in order to stimulate fusion. 
GUIGNARD (10) has arrived at the same conclusion in regard to 
Capsella. I find that the polar nuclei of U/mus americana behave 
in the same manner, fusion occurring at least before fertilization. 
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FERTILIZATION. 

The most interesting feature in connection with fertilization is the 
behavior of the pollen tubes. These begin to project through the 
openings in the exine about March 26, usually presenting a single 
tube for each pollen grain (fig. 15). While this is the general rule, 
it is by no means always the case, as many pollen grains were found 
developing from two to five tubes (figs. 18-19). In fig. 18 all the 
tubes seem to have had an equal stimulus to growth, but such is not the 
case in jig. 19. In this instance the largest tube was in contact with 
the stigmatic hair, which fact doubtless accounted for its greater size. 
Eventually one of these tubes gains the ascendency over the others 
which are drawn back into the microspore as it gradually shrivels and 
the tube elongates (jig. 17). This figure also shows the peculiar 
method of the young tube on coming in contact with the stigmatic 
hair, down which it almost invariably travels to reach the stigma. 

It was noted frequently that the tube when meeting the hair 
nearly at right angles would direct its course towards the distal end 
instead of towards the stigmatic end, as might be expected. After 
reaching the end of the hair the tube would often form a cyst-like 
enlargement before proceeding downward to the stigmatic tissue. 

The behavior of the pollen tubes within the tissue has been so 
accurately described by NAWASCHIN (16) for Ulmus montana and 
Ulmus pedunculata that it will not be necessary to dwell upon 
their behavior in U/mus americana. Suffice it to say, the same 
branching and apparently aimless wandering through the funiculus, 
integuments, and occasionally the nucellus which he describes was 
noted. In a few cases these tubes were found anastomosing about 
the micropylar end, as shown in fig. 22. The tube, after pre sing its 
way through the micropyle, enters the nucellus near the tip of the 
beak (fig. 35) and passes directly to the upper end of the embryo sac. 
The only cases where I observed branching were those of belated 
tubes entering the ovule after fertilization (figs. 21-22). Such tubes 
seem to have a general tendency to push toward the antipodal end of 
the sac. In fact there is some indication that they occasionally reach 
the chalaza. 

The pollen tube is not easily disintegrated after fertilization, and 
is found intact, though staining feebly, until the embryo has from 
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sixteen to twenty-four cells. Two tubes passing down the same 
micropyle were occasionally noted (jig. 20). 

The male cells lose their cytoplasm on entering the pollen tube, 
and during their journey to the embryo sac are simply elongated 
nuclei (jigs. 16, 33). They were found side by side in the tube soon 
after leaving the pollen grain and were still somewhat elongated and 
very close together on entering the embryo sac, where the tube 
enlarges in a very irregular cyst-like manner (jig. 33). After enter- 
ing the sac the nuclei become spherical and begin to gather a small 
amount of cytoplasm around them. The first to enter the sac 
generally fuses with the fused polars (jig. 34), the second fusing with 
the egg. Fertilization occurs from March 29 to April 1. 


ENDOSPERM. 


The endosperm begins to form soon after the male nucleus fuses 
with the fusion nucleus (fig. 34). This almost always occurs before 
fertilization, but instances were noted where fertilization probably 
occurs first (fig. 37). This variation was noted by LAND (13) in 
Erigeron, where he found sometimes the egg and at other times the 
endosperm nucleus dividing first. CoULTER and CHAMBERLAIN (8) 
also call attention to the fact that after fertilization the egg seems to 
rest for a period, while free endosperm nuclei are being formed. 
While this may be true in a majority of cases in Ulmus (figs. 35, 36), 
many instances were found which seem to be at variance with it 
(fig. 37). 

The formation of endosperm generally proceeds rapidly and takes 
place by free nuclear divisions, the nuclei being scattered through 
the cytoplasm of the sac. These nuclei, especially in the early stages, 
are enormous in size and multinucleolate (figs. 35, 36, 56), the nucle- 
oli being so large as to be mistaken often for nuclei in the act of fus- 
ing, as mentioned by STRASBURGER (18) for Corydalis cava. The 
endosperm nuclei were often found to be in simultaneous division 
throughout the sac (jig. 50), and in no instance was a rudimentary 
cell-plate noted. As the development of endosperm progresses, the 
cytoplasm becomes more and more vacuolate, the nuclei take a 
parietal position and become smaller; yet throughout its existence 
the endosperm is characterized by large multinucleolate nuclei. 
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EMBRYO. 

The first division of the fertilized egg is by a transverse wall 
(jigs. 36-38). The terminal cell again divides, usually transversely 
(jig. 39), while the micropylar cell becomes vesicular although not 
enlarging very much. 

After a proembryo of three or sometimes four cells has been 
formed, the end cell is usually the first to divide by a vertical wall 
(jig. 40). However, many exceptions to this rule were found, fig. 
42 showing the second as well as the terminal cell forming a vertical 
wall; while fig. 43 shows the second cell dividing first. Figs. 44 and 
45 show anomalous forms of embryos in which no definite order 
of division can be discovered. 

From the regular octent stage the development of the embryo is 
quite rapid and usually regular, the apical octants being the first to 
divide by periclinal walls, thus differentiating the dermatogen of the 
cotyledonary region (fig. 46). Almost immediately that of the hypo- 
cotyledonary region is formed in the same way (jig. 47). Fig. 48 
shows early development of plerome, of periblem of the root, and 
the differentiation of the dermatogen of the root tip. A further 
study of the development of the embryo revealed nothing worthy 
of mention. 

POLYEMBRYONY. 

The discovery of pollen tubes near the chalazal region, as well as 
perfectly formed eggs in the antipodal end of the embryo sac, led me 
to suspect that antipodal embryos might be discovered associated 
with normally placed embryos. In several cases antipodal embryos 
were noted (jigs. 51, 52), and in one case an extra-mieropylar embryo 
(fig. go). It is also likely that pseudo-polyembryony may result 
from the presence of two embryo sacs, as well-formed and probably 
fertilized eggs were observed in such cases (jig. 56). 

SUMMARY. 

1. The microsporangia are in the mother cell stage in the early 
part of February and probably pass the winter in this stage, forming 
tetrads at the first breaking of winter weather. 

2. The tapetum is formed from the peripheral layer of sporoge- 


nous tissue. 
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3. The pollen grains leave the tetrad stage March 16 to 18 and 
generally show tube and generative nuclei at this time. By March 
23 the male cells appear, while the dehiscence of the sporangium 
occurs from March 25 to 27. 

4. The single megaspore begins to germinate February 15, result- 
ing in eight to sixteen and occasionally more free nuclei. 

5. In many instances the pollen grains thrust tubes through the 
openings in the exine in from two to five directions before coming 
in contact with the stigma, but only the one gaining such contact 
develops. 

6. The pollen tube generally enters through the micropyle, 
though it has been found piercing the nucellus at various places and 
even making its way down the funiculus; it may also branch pro- 
fusely, but this seems to occur only in the cases of belated tubes. 

7. The male cells leave the pollen grain as soon as the tube is 1™™ 
in length, remaining close to its tip, and were always found side by 
side; they appear in their early existence to be fastened together by 
their adjoining ends. 

8. The tube nucleus does not leave the pollen grain. 

9. Double fertilization was observed, taking place March 28 to 
31, the first male cell fusing with the endosperm nucleus. 

10. The endosperm nucleus generally divides before the fertilized 
egg, forming large, multinucleolate nuclei. 

11. The embryo is of the massive type, the suspensor cell enlarg- 
ing but little. 

12. An antipodal egg is not uncommon. 

13. Two embryos are occasionally found in the same sac. 

14. Two embryo sacs are sometimes formed in a single nucellus 
with an egg apparatus in each. 

15. Chalazogamy was not certainly found, but from indications 
it May occur. 

I am indebted to Professor JoHN M. CovuLtter and to Dr. 
CHARLES J. CHAMBERLAIN for efficient direction and assistance. 

WASHBURN COLLEGE, TOPEKA, KANSAS. 
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EXPLANATION OF PLATES VII-IX. 


All figures were made with an Abbé camera lucida and reduced one-half in 
reproduction. Figures with a magnification greater than 600 diameters were 
made with a Zeiss apochromatic objective 2™™, ap. 1.30, and Zeiss compensating 
oculars 4, 8, and 12. All others with Spencer 5™™ and 16™™ objectives and 
oculars 4 and 8. 

The abbreviations employed in describing fhe figures are as follows: 7, 
flower; pt, pollen tube; po, polar nuclei; e, egg; en, endosperm nucleus; ed, 
endothecium; s, stigma; sy, synergids; smc, spore mother cells; /, fusion nucleus; 
at, antipodals; m, male cell; mm, megaspore; 0, ovule; o7, outer integument; 
277, inner integument; im, tube nuclei; ¢, tapetum; gz, generative nucleus; cr, 
crown cells; 7, nucellus; sh, stigmatic hair. 

Fic. 1. Young flower showing stigma protruding and ready for fertilization. 
X12. 

Fic. 2. Flower cluster showing filaments and flower stalks in the center «> 
first to elongate. x5. 

Fic. 3. Winter stages of microsporangium showing mother cells. 600. 

Fic. 4. Later stage showing the organization of tapetum from peripheral 
mother cells; other mother cells in synapsis. > 600. 

Fic. 5. Section of microsporangium showing enlargement of endothecium, 
the breaking down of the tapetum, and the two inner layers of cells of the sporan- 
gium walls; also tetrads dissociating. > 600. 

Fic. 6. Microspore mother cell in first mitosis. > 1260. 

Fic. 7. Second mitosis of microspore mother cell. > 1260. 

Fic. 8. Four-nucleate mother cell preparing to form tetrads. x 1060. 

Fic. 9. Tetrads within the mother cell. > 1000. 

FG. 10. Microspore showing tube and generative nuclei and openings in the 
exine. 1260. 

Fic. 11. Portion of the exine showing holes through which pollen tubes 
emerge. 1200. 

Fic. 12. Division of generative nucleus to form male cells. 1260. 

Fic. 13. Male cells attached by their adjoined ends; tube nucleus disin- 
tegrating. 1260. 

Fic. 14. Male cells free and encircling disintegrating tube nucleus. 1260. 

Fic. 15. Pollen tube as it usually appears. 1260. 

Fic. 16. Male nuclei in pollen tube. 1260. 

Fic. 17. Disintegrating microspore showing cyst formed at end of stigmatic 
hair. 1260. 

Fic. 18. Microspore showing five tubes emerging; all equal in size. 1260. 

Fic. 19. Microspore showing five emerging tubes; one in contact with the 
stigmatic hair. 1260. 

Fic. 20. Two pollen tubes entering the same micropyle. > 450. 

Fic. 21. Branching pollen tubes. > 200. 
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Fic. 22. Anastomosing pollen tubes. 200. 

Fic. 23. Megaspore mother cell showing nucellus and first integument. 
% 1200. 

Fic. 24. Later stage of megaspore. 1260. 

Fic. 25. Binucleate stage of the embryo sac. 1260. 

FIG. 26. Normal four-nucleate stage of embryo sac. % 700. 

Fic. 27. Frequent form of the four-nucleate stage of embryo sac; also a third 
integument. > 400. 


Fic. 28. Mitosis of the four-nucleate sac. goo. 

Fic. 29. Eight-nucleate sac; unusual mitosis in antipodal end. 1200. 

Fic. 30. Usual eight-nucleate sac with the egg apparatus organizing and the 
polars approaching each others preparatory to fusion. goo. 


Fic. 31. Embryo sac showing more than eight nuclei, but no sign of polarity. 
X 600. 

FIG. 32. Multinucleate embryo sac showing polarity. goo. 

Fic. 33. Eight-nucleate sac showing fusion of polars and entrance of pollen 
tube bearing the two male cells. 1450. 

FIG. 34. Embryo sac showing one male cell in the act of fusing with the fusion 
nucleus, and the other near egg. 1450. Z 

Fic. 35. First integuments; nucellus showing beak and bearing pollen tube; 
embryo sac showing first division of fertilized egg and multinucleolate nuclei of 
endosperm. 500. 

Fic. 36. Embryo sac showing two-celled embryo unusually large; multi- 
nucleolate nuclei of rapidly forming endosperm; also an antipodal egg. > 810. 

Fic. 37. Embryo sac showing two-celled embryo, and the beginning of the 
formation of endosperm tissue. 1200. 

Fic. 38. Ordinary type of two-celled embryo. > 500. 

Fic. 39. Three-celled embryo. 500. 

FIG. 40. Four-celled embryo showing first vertical wall. > 500. 

Fic. 41. Four-celled embryo showing usual method of formation of second 
vertical wall. > 500. 

Fic. 42. Three-celled embryo; both end cells dividing at once. 500. 

Fic. 43. Three-celled embryo showing second cell dividing before the end 
cell. 500. 

Fic. 44. Anomalous form of embryo. > 500. 

Fic. 45. Anomalous form of embryo. » 500. 

Fic. 46. Later embryo showing the periblem in the cotyledonary region; also 
mitosis in the hypocotyledonary region.  4oo. 

Fic. 47. Embryo showing periblem in hypocotyledonary region. » 400. 

Fic. 48. Advanced embryo showing early development of periblem and 
dermatogen of root tip. xX 40c. 

FG. 49. Two embryos in the micropylar end of sac. > 500. 

Fic. 50. Well-formed embryo in micropylar end of sac; endosperm in simul- 
taneous mitosis; egg-like formation in chalazal end. > 4oo. 
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Fic. 51. Embryo sac showing two embryos nearly the same age. > 500. 
Fic. 52. Embryo sac showing two embryos; one much older. 800. 
Fic. 53. Embryo sac showing unusually large antipodal. X8ro. 
Fic. 54. Large embryo sac showing fifteen nuclei, the central one probably 


the fusion nucleus; a large egg-like antipodal. > 1200. 
Fic. 55. Double embryo sac showing in one sac nine, and in the other twelve 
nuclei; no egg apparatus organized. X 1200. 
Fic. 56. Double embryo sac showing egg apparatus organized in the opposite 
ends. X 1000. 
Fic. 
Fic. 
Fic. 
Fic. 


. Fusion of two polars. 1000. 
8. Fusion of three polars. > 1000. 
g. Fusion of four polars. X 1000. 


nw own 
~I 


2) 


. Second mitosis of the binucleate sac. 400 











BRIEFER ARTICLES. 


PRECURSORY LEAF SERRATIONS OF ULMUS. 
(WITH TWO FIGURES) 

Ir is a commonly accepted fact that embrvonic plant tissue is mostly 
devoid of intercellular air spaces, and that gas interchange is accomplished 
from cell to cell by means of water which contains the necessary gases in 
solution. Such tissues are generally small in bulk, so that the most deeply 
lying cells are not widely distant from the outside atmosphere. Inter- 
cellular air spaces develop as the embryonic tissue 
increases in size, until at maturity an intricate system 
of passages, connecting with the atmosphere through 


stomata, insures proper aeration. 
Vi Leaves in which air spaces are prominently 


i developed to assist the process of photosynthesis form 
y /| no exception to the rule. Tissues of young leaves 


Yi are compact, and form air passages during their 
J growth after emergence from the bud scales. While 
ir jh wide observation is perhaps lacking to support the 

view that the air spaces arise uniformly over the entire 
/) Neal, it is generally accepted as true. 

f RACIBORSKI' has shown, however, that the leaves 
4) of certain lianas have a part which develops air spaces 
and stomata and hence becomes functional in advance 
of the main portion of the leaf. Such an organ he 
calls a Vorldujerspitse, and it consists of a slender, 
Young pointed prolongation of the blade, from which it is 
leaf of Clmus alata; partially separated by a slight constriction. It 





shaded regions are 2 : ; 
ee eae appears that the purpose of the organ is to begin the 
those in which spongy 


parenchyma has de- Process of photosynthesis as early as possible, which 
veloped. , would help to accelerate the development of the main 
portion of the leaf. 

While no such well-differentiated leaf organ is reported from plants 
living in temperate latitudes, it seems certain that spongy parenchyma does 
not always develop simultaneously over all parts of the leaf. An exception 

t Ractporskl, M., Ueber di¢ Vorlauferspitze. Flora 87: 1-37. 1900. 
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is to be found in Ulmus, the serrations of whose leaves become functional 
when the latter are still very small, or about the time they are emerging 
from the bud scales. It is not necessary to cut sections to observe this 
phenomenon, for the leaf margins are of a deep green color, which con- 
trasts strongly with the pale yvellowish-green of the remaining portion 
(jig. 1). The serrations appear slightly swollen as though the leaf were 
thicker in this region than elsewhere. The color contrast remains for a 
considerable time, or until the leaf has nearly reached its full size. 

It requires but a section of a young Ulmus leaf to prove that the ser- 
rations really have fully developed spongy parenchyma and functional 
stomata, while adjacent and other portions of the leaf consist of compact 
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Fic. 2.—Cross-section of a leaf at the margin; the spongy parenchyma on the 
right is readily distinguishable from the compact embryonic tissue on the left. 


tissue. In jig. 2 it will be seen that in the right or marginal portion of the 
section the air spaces are such as would be found in any ordinary mature 
mesophytic leaf; while on the left of the section, which lies toward the mid- 
rib, there will be seen regular rows of cells compactly arranged and evi- 
dently in embryonic condition. It will also be noticed that the marginal 
portion is thicker, in consequence of the development of air spaces. 

It is probable that other instances of precursory leaf serrations will be 
found, in fact one other was found by the writer, but it was not so well 
marked a case as that of Ulmus.—FrReperick H. PILiincs, Louisiana 
State University, Baton Rouge, La. 


THE EFFECT OF DIFFERENT SOILS ON THE DEVELOPMENT 
OF THE CARNATION RUST. 

Various ideas are held in regard to the rusting of plants, especially 
the small grains, and to a limited extent asparagus, carnations, and chrysan- 
themums. The conditions which favor the rusting of such plants as the 
carnation and the chrysanthemum, plants grown in the greenhouse for the 
Most part, are probably better understood than those which favor the rust- 
ing of field crops. However, the conditions that would tend to bring 
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about infection in one place would probably bring it about in the other. 
Observations made in the field cannot in general be as reliable as those 
made in the greenhouse, where the conditions of temperature and humidity, 
important factors in bringing about infection, are to a greater extent under 
the control of the observer. Observations made in the greenhouse may 
be duplicated from time to time more readily than can be done in the field. 

An example of the rusting of wheat, cited by RoBERTs,? seems to indi- 
cate that an excess of nitrogen in the soil favors rusting. The many field 
observations made by STONE and SirH,3 on the other hand, indicate that 
the physical condition of the soil is an important factor in the abundance 
and distribution of the asparagus rust, the rust being more abundant on 
asparagus grown in light soils with a low water retentivity, and less abun- 
dant on asparagus grown in heavier soils containing more organic matter 
and with a higher water retentivity. 

What are the conditions that produce an abundance of rust, whether 
in the field or in the greenhouse? Are they excessive food supply in the 
form of available nitrogen, the physical condition of the soil, favorable 
conditions for bringing about infection, or some other causes? There 
cannot be a general distribution or abundance ef a rust without a previous 
general infection; and there must have been a previous development of 
rust spores with which to bring about such an infection and distribution. 
There must have been sufficient food furnished by the host so that the rust 
could mature its spores for distribution and infection. Of course, certain 
conditions of temperature and moisture are always necessary before 
germination of the spores and infection can take place. 

Some results obtained by the writer, in cooperation with the United 
States Department of Agriculture, have already been published in Science.4 
The present results obtained for the carnation rust, when different kinds 
of soils were used, are a continuation of the same line of investigation. 
From previous inoculations of Asparagus, Allium, Dianthus, and Gyp- 
sophila, with the asparagus and carnation rusts, the results obtained 
seemed to indicate that the conditions that were favorable for the devel- 
opment of the host were also favorable for the development of the rust. 

A considerable number of inoculations were made on different species 
of Asparagus and Dianthus. The plants were of different ages and grown 
in the greenhouse, where they were under control in so far as infection 
was concerned. The results show that the plants that were making a 
vigorous growth were more susceptible to artificial infection—inoculation- — 

2 Roserts, I. P., The fertility of the land. p. 155. 1897. 

3 Stone, G. E. and Sitn, R. E., Ann. Rept. Hatch Expt. Sta. 14: 1902 

4 SHELDON, JOHN L., Science, N. S. 16:397. 1902. 
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than those that were making little or no apparent growth. A few slowly 
growing plants were repeatedly inoculated without success until the plants 
were given extra care and stimulated so that they began to grow more » 
vigorously. Some carnations, grown in small pots, were each inoculated 
five or six times at intervals of about twenty days, without any of the 
inoculations being effective. These plants grew very slowly, were slender 
and produced only one, or at most two, sma!! blossoms. 

Certain varieties of carnations are known to be more susceptible to the 
rust than others; among these are Uncle John and Daybreak. Other 
varieties are practically immune. The green-leaved varieties are con- 
sidered by carnation growers to be more susceptible than the more glaucous- 
leaved ones. The writer has noticed that there was a difference in the 
period of incubation of the rust when both green- and glaucous-leaved 
species of Dianthus were inoculated at the same time. 

A lack of susceptibility to inoculation, similar to that noted for Aspar- 
agus and Dianthus, occurred when seedling onions were inoculated with 
the asparagus rust. The inoculations were begun as soon as the seedlings 
appeared above ground, and were repeated at intervals until the seedlings 
were two months old, when almost every inoculation was successful. 

From the resulis obtained, not only with the rusts referred to, but with 
other fungi, it would seem that plants, like animals, are not equally suscepti- 
ble to infection and inoculation at all times. The negative results obtained 
by other investigators, as well as by the writer, may be attributed in some 
instances probably to a lack of susceptibility of the host at the time the 
inoculation was made and not to a failure of the spores to germinate or 
to the way the inoculation was made. At some other period the same 
plant might have been susceptible. The state of growth of a plant seems 
to have much to do with the success or failure following an inoculation, as 
well as conditions of temperature and moisture which favor the germination 
of the spores. 

It was determined in some of the earlier inoculations that the season, 
temperature, and sunshine exerted a marked influence on the period of 
incubation of the asparagus and carnation rusts. It was also thought that 
the soil made some difference; for when twenty to thirty plants were grown 
in the same soil, as in a box or large flowerpot, the period of incubation 
of the rust for each of the plants inoculated at the same time varied only 
a few hours in most instances, while those that were of the same age and 
grown in different soils showed more variation. 

As a means for testing whether a difference in soils would bring about 
a difference in the period of incubation of a rust, a stock plant, a green- 
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leaved pink which was known to be very susceptible to the carnation rust, 


Sets of cuttings were taken from the stock plant and rooted 
After the cuttings were well rooted, they were transplanted 


to pots containing the soils to be tested. 


containing less sand and more organic matter and clay. 


reat, etc. 


the majority showing sori in seventeen to nineteen days. 


With respect to vigor, growth, and color of the plants. 


details will be published later. 


Each of the soils was carefully 
mixed before it was put into the pots, so that all would be as uniform in 
composition as possible. The five soils used ranged from one that was 


principally sand with a very small amount of organic matter to those 


After the plants were potted, they were arranged in sets of five or seven 
in large saucers, and placed so far as it was possible under the same condi- 
tions of light, When the plants had become established and 
made a growth of a few inches, each set was inoculated. Of the 170 plants 


inoculated, only three failed to show rust sori in sixteen to twenty-one davs, 


The leaves were carefully examined with a hand lens twice a dav after 
yellow spots began to show on them, indicating that infection had taken 
When the uredospores were observed to be breaking through the 
epidermis of a leaf, a record was entered for that plant. This record was 
afterward used in making comparisons with the composition of the soils. 
The Bureau of Soils of the United States Department of Agriculture made 
a mechanical analysis of the soils and determined the percentage of organic 
matter and nitrogen. 

Rather than depend upon his own judgment, which was liable to have 
been somewhat biased on account of having watched the development of 
the pinks and the rust, the writer averaged those of several other persons 


The results of the investigation are summarized in part below; the 
Whether similar results can be obtained 
by using a different host and parasite remains to be determined. 

The intensity of color was directly proportional to the amount cf 
clay in the different soils. 

The growth of the host was directly proportional to the amount of 
organic matter, nitrogen, and silt in the different soils. 

The period of incubation of the carnation rust, while not uniform 
in every instance, was in general inversely proportional to the amount 
of organic matter, nitrogen, and silt in the different soils, and to the growth 
of the host; it was directly proportional to the amount of gravel and sand in 
the different soils; that is, the more gravel and sand there were in a soil, 
the longer it was before the uredospores broke through the epidermis after 
an inoculation had been made; and the more organic matter, nitrogen, and 
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silt there were in a soil, the less time it was before the uredospores broke 
through the epidermis after an inoculation had been made. 

4. Those soils that were favorable for the development of the host 
were also favorable for the development of the rust; namely those contain- 
ing the most organic matter combined with silt and clay and a small 
amount of sand—soils with a high water retentivity, soils rich in nitrogen. 

If then the conditions favorable for bringing about distribution and 
infection ~were the same jor the different soils, the rust should in time be 
more abundant on those plants grown in a heavy loam where the period cf 
incubation of the rust was !east, than on those grown in a light sandy soil, 
agreeing with the observatiens made by Roserts (/. ¢.) on the wheat rust, 
rather than those made by SToNeE and Situ (/. c.) on the asparagus rust. 
There is a possibility that while the asparagus rust may not have devel- 
oped so rapidly on the asparagus grown in light soils with a low water 
retentivity, the greater abundance was due to conditions which were more 
favorable for bringing about infection. Whether the humidity is greater 
over sandy soils than over a heavy loam, the writer cannot say from per- 
sonal observations. Perhaps some one has already determined this factor, 
which is so important in bringing about the infection of cultivated crops 
with various parasitic fungii—Jonn L. SHELDON, Agricultural Experiment 
Station, Morgantown, W. Va. 








CURRENT LITERATURE. 
BOOK REVIEWS. 


German instruction in botany. 


It Is INTERESTING to compare the latest German book on botanical instruction 
with our own. Dr. Kienitz-GreR orF,' professor of botany in the Agricultural 
school at Weilburg, has briefly described the present condition of botanical teach- 
ing in Prussia; has discussed at some length the principles, pedagogical and 
botanical, on which a proper course should be laid out; and has devoted the 
greater part of his book to the outlining of such a course as meets his views. 

The first section of the book may be passed over with the remark that ‘‘nature 
study” finds a place in the primary schools, but it is nature study directed to a 
somewhat definite end; for pupils are taught something of the structure and life 
of plants, and are even ‘“‘made familiar with the use of the lens and microscope.” 
This study is extended in the intermediate grades, and in the Gymnasien and 
Realschulen becomes a two to six-hour course weekly in natural sciences, con- 
tinued for six years. Of this botany has a reasonable share. In the Landwirth- 
schajtschulen (not technical schools) zoology and botany have four hours weekly 
for two years and two hours a week for a third, and applied biology has the same 
time. 

In the second section the author with rather elaborate pedagogic philosophy 
develops his theory that the normal course of instruction in botany should be 
planned broadly on the lines that its historical development has followed. In 
the practical application of this theory he divides the course into four parts: 
(1) preparatory, (2) morphology and taxonomy, (3) physiology and anatomy, 
(4) cryptogams and reproduction. 

In the preparatory course, no formal morphological distinctions are made, 
but the endeavor is to awaken interest, and to train in observation and induction 
by using the common and useful flowering plants. Incidentally, of course, a good 
deal of morphology is learned. 

The second course, by using plants of the larger orders and families, and by 
comparisons, is for training in external morphology, and at the same time to give 
fundamental conceptions of taxonomy. The mere determination of names is 
made wholly incidental, and the memorizing of terms and definitions is rightly 
condemned. In both these courses actual examples of lessons (stenographically 
reported) are given. 


The third course is given iz extenso in the form of questions and a statement 
1 KIENITZ-GERLOFF, F., Methodik des botanischen Unteirichts. Svo. pp. vilit+ 
290. figs. 114. Berlin: Otto Salle. 1904. 16.50. 
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of the way in which pupils are to answer them, accompanied by many illustra- 
tions; so that this part of the book might almost be used as a guide for elementary 
plant physiology and anatomy. 

The fourth course begins with a somewhat detailed presentation of the bac- 
teria, after which the book breaks off suddenly with a recommendation that 
pupils study a list of fourteen cryptogams, closing with the sexual reproduction 
of the phanerogams and a synopsis of the whole system. 

There is much good advice and suggestion in Dr. KrEN1tz-GERLOFF’s book, 
but like all such books it plans a course which is far beyond the possibility of 
execution in the time allowed. Naturally it demands a well-prepared teacher, 
and when once a school has that factor, the problem is practically solved. To 
such this book will be helpful if it does not suggest overcrowding. (And to 
everybody it would have been more helpful had a good index been provided.) 

It is interesting to see that the ideals as to the content and method of botanical 
instruction in the higher schools in Germany and America are so nearly identical. 
But we fear Germany will long outstrip us in the practical application of these 
ideals unless superintendents are more alive to the necessity for the thorough 
training in botany of those to whom they commit such teaching.—C. R. B. 


MINOR NOTICES. 


Ponp? has been studying the relation of aquatic plants to the substratum. 
After an introduction and a historical résumé of the subject, he gives the details 
of a series of carefully conducted experiments on the growth of aquatic plants 
under different soil conditions. The plants experimented on were Vallisneria 
spiralis, Ranunculus aquatilis trichophyllus, Elodea canadensis, Myriophyllum 
spicatum, Potamogeton oblusijotium, and P. perjoliatus. The result of the exper- 
iments seems to prove clearly that these plants are dependent for an important 
part of their food on the substratum in which they are rooted; that there is an 
upward current through the plants; and that the roots serve not only for anchorage 
but also for absorption. He shows that most of these plants have root hairs 
through which absorption takes place. It is evident that the establishment of 
the fact of root absorption in aquatic plants is an important addition to botanical 
knowledge; but it has a wider and more important interest in connection with 
the problems of the relationships of the animals and plants in our lakes to each 
other and to their material environment. The introduction and the final dis- 
cussion of the experiments serve to bring out very clearly the important bearing 
of these results on plankton problems. Without doubt most authors have sup- 
posed that aquatic plants draw their nutriment from the medium in which they 
live. This being the case, the general conclusion drawn by Kororp, that sub- 
merged aquatics are accompanied by a relatively small amount of plankton, is 
easily understood. For if the plants draw their food from the water, there is less 

2 Ponp, RAyMonpD H., The biological relation of aquatic plants to the substratum. 
From U. S. Fish Com. Rep. for 1903. 
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leit for plankton plants; but if these plants draw their food from the soil, they 
will, through this and their subsequent decay be adding to the material in the 
water which is available for the plankton organisms. In the discussion is brought 
out the way in which the work of Kororp and of Ponp may be harmonized. In 
conclusion, the author points out the logical inference that a fish pond should have 
a good soil at bottom on which plants may grow and flourish, and thus add to the 
food available for fish. The problem of the relationship of the aquatic animals 
and plants is so complicated, however, that while the author ought to point out 
these inferences, less value attaches to the economic conclusions than to the main 
thesis of the paper. The paper is valuable as being a definite contribution to 
knowledge on a question which has been hitherto in doubt, and it is the kind of 
work that is much needed in solving the problems of the plankton. In the absence 
of just such work as this, much of our plankton literature has been speculative 
in character; and while there is a real value to be attached to good guessing, in 
the long run we must have demonstrated facts as the basis of our theories.— 
C. Dwicut Marsu. 


Miss EAstwoops has prepared a popular manual of the trees of California, 
the purpose being to give all the information necessary for identification so com- 
pactly that the book may be carried into the field. The numerous plates add 
greatly to the value of the book, many of them being reproductions of drawings 
left by Dr. ALBert Kettocc. Three keys are provided: the first based upon 
leaves, the second upon fruits, and the third upon the usual taxonomic char- 
acters. The trees of Oregon and Washington also are included, being placed 
in footnotes in case they do not occur in California. The only new species is 
Quercus Alvordiana.—J. M. C. 

THE RELATIONSHIP between Sigillaria and Lepidodendron has been the 
subject of much discussion, and in connection with it S. vascularis and L. selagi- 
noides have been prominent species. The identity of the two species has been 
urged and largely accepted upon evidence obtained from a study of their com- 
parative anatomy. Weiss and Lomax* have now described a specimen consist- 
ing of astem of S. vascularis giving off branches of L. selaginoides. This demon- 
stration of actual continuity closes the discussion.—J. M. C. 

THE TWENTY-FIRST PART Of ENGLER’sS Pflanzenreich is a presentation of the 
sub-family Pothoideae of Araceae by ENGLER.S The sub-families of this family 
will be published in separate fascicles. Ten genera of Pothoideae are recognized, 
comprising 581 species, 489 of which belong to the great genus Anthurium, under 

3 Eastwoop, Atice, A handbook of the trees of California. Calif. Acad. Sci. 
Occasional papers IX. pp. 86. pls. 57. 1905. 

4 Weiss, F. E., and Lomax, JAMEs, The stem and branches of Lepidodendron 
selaginoides. Manchester Memoirs 49: no. 17. pp. 8. figs. 4. 1905. 

5 ENGLER, A., Das Pflanzenreich. Heft 21. Araceae-Pothoideae von A. Engler 
pp. 330. Leipzig. Wilhelm Engelmann. 1905. 416.50. 
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which 55 new species are described. The next largest genus is Pothos, with 48 
species, 5 of which are new.—J. M. C. 

Bray® has published a description of the “‘sotol country” in Texas. The 
sotol is Dasylirion texanum, and gives name to characteristic areas of the arid 
southwest, whose vegetation is largely made up of plants of the cactus, agave, 
and yucca types. The general vegetation features of the country, the floristic 
elements, as well as the economic importance of the vegetation are presented.— 
J. M.C. 

SEWARD has published descriptions of certain collections of fossil plants 
from Natal,? Victoria,> and Kashmir.2 To be able to compare the floras and 
horizons of these regions with those of Europe and North America is looked 
forward to with great expectations, and every scrap of definite information is 
valuable.—J. M. C. 

‘THE FOURTH PART of SCHNEIDER'S I/lustriertes Handbuch*° concludes Spirae- 
aceae, includes Rosaceae, and begins Drupaceae. There are forty-five text figures. 
‘The general character and scope of the publication are stated in the notice of the 
first parts (Bot. GAZETTE 39:373. 1905).—J. M. C. 


NOTES FOR STUDENTS. 


THE LAST PAPER of GERASSIMOW'! brings together concisely the principal 
conclusions of the interesting series of experimental studies on the cells of the 
Conjugales which have appeared in recent years. It will be remembered that by 
subjecting filaments of Spirogyra to a temperature at freezing point, or treating 
them for a short time to the anaesthetic influence of ether, chloroform, or chloral 
hydrate, GERASsSIMOW was able to arrest the processes of mitosis at different 
stages, with the result that the protoplasm may become variously distributed in 
the daughter cells. (1) A daughter cell may be formed lacking a nucleus, but 
containing portions of the divided chromatophore in a peripheral layer of cyto- 
plasm. (2) A single cell may contain the two daughter nuclei either separated 


6 Bray, W. L., Vegetation of the sotol country in Texas. Bull. Univ. Texas no. 
60. pp. 24. pls. IT. 1905. 

7 SEWARD, A. C., Report on collections of Natal fossil plants. Second Rep. 
Geol. Surv. Natal and Zululand. Pp. 97-104. pls. 4-5. 1904. 

8 SewarD, A. C., On a collection of Jurassic plants from Victoria. Records 
Geol. Surv. Victoria 13:155-210. pls. 8-19. 1904. 

9 SEWARD, A. C., and Woopwarp, A. SMITH, Permo-carboniferous plants and 
vertebrates from Kashmir. Memoirs Geol. Surv. India N. S. no. 2. pp. 14. pls. 
8-10. 1905. 

10 SCHNEIDER, CAMILLO Kart, Illustriertes Handbuch der Laubholzkunde. 
Vierte Lieferung. Jena: Gustav Fischer. 1905. M 4. 


tt GERASSIMOW, J. J., Ueber die Grésse des Zellkernes. Beih. Bot. Centralbl. 
18: 45-118. pls. 3-4. 1904. 
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from one another or more or less intimately associated and perhaps wholly fused, 
depending upon how far the processes of mitosis have progressed before the cells 
have been subjected to the shock of the experiment. (3) Binucleate cells may 
continue their growth with subsequent mitoses, which when treated as before 
may give daughter cells with three and one nuclei respectively, or with two each 
or indeed a cell containing four nuclei. Furthermore, these nuclei may fuse with 
one another to give structures with a greatly increased chromatin content. (4) In 
place of the non-nucleated cells, there may be formed chambers containing 
cytoplasm and chromatophores, but without nuclei, which remain in open com- 
munication with the nucleated companion protoplast, because the cell wall is not 
formed entirely across the mother cell. 

GERASSIMOW presents the results of his observations on these various types 
of cells in many elaborate tables and diagrams, with the following chief conclu- 
sions. (1) Cells which come to contain unusually large nuclei through the sup- 
pression of mitosis, or by the reuniting of partially divided nuclei, increase pro- 
portionally in size and their further cell division is postponed. The nuclei of 
such cells have of course the peculiarity of an increased amount of chromatin 
content. The large nuclei may later fragment into two or more structures which 
separate and may come to be at a distance from one another in the cytoplasm. 
The fragments finally lose their powers of reproduction and exhibit marked evi- 
dence of degeneration. (2) Cells which lack nuclei may form starch in the usual 
manner in the presence of light, and exhibit for a short time a weaker general 
growth than normal nucleated cells. The power to develop a gelatinous sheath 
also becomes markedly weakened. Finally there results a decrease in the volume 
of the cell, a fading of the chromatophore and conditions which lead to eventual 
death. (3) Chambers which lack nuclei but are in protoplasmic union with 
nucleated cells may be contrasted sharply with the non-nucleated cells. They 
exhibit a much stronger growth for a longer time and with a greater power to 
form starch, although not so marked as in the nucleated cells, and the chromato- 
phores retain their color. There is also a conspicuous development of the gelati- 
nous sheath.—B. M. Davis. 

CorRENS" presents a continuation of his studies on Mirabilis hybrids in 
which he had found’s red appearing as a new character in hybrids between two 
constant races having respectively white and yellow flowers. Instead of assuming, 
as does TSCHERMAk,'* that there is a latent allelomorph for red in one or other 
of these races, and that this is rendered active on crossing, he considers the red 
color to be a modification of the yellow produced through the activity of a distinct 
character-unit present in the white-flowered race, the antagonistic characters in 


12 CoRRENS, C., Zur Kenntniss der scheinbar neuen Merkmale der Bastarde. 
Zweite Mitthcilung itiber Bastardicrungsversuche mit Mirabilis-Sippen. Ber. Deutsch. 
Bot. Gesells. 23: 70-85. 1905. 

13 See Bot. GAZETTE, 37:77. 1904. 


14See Bor. GAZETTE 39: 302 and 303. 1905. 
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the two races being: color vs. no color, and no modification vs. modification of 
the yellow color to red. Pigmentation inherited from the yellow parent and the 
modifying element inherited from the white parent are dominant, giving all red- 
flowered offspring in the first generation, and rose-yellow-white nearly in the 
ratio 9:3:4 in the second generation. 

The results were further complicated by the presence in the white-flowered 
race of a nearly latent striping which became active on crossing and behaved 
approximately as a Mendelian character. The attempt to explain this character 
on similar grounds as the red color is less satisfactory. 

CorrENs'S has also studied the inheritance of the petaloid calyx in the caly- 
canthemus-forms of Campanula medium and Mimulus tigrinus. The calycanthe- 
mus-form of the former he finds never produces seed but has good pollen, so that 
all of the “‘hose-in-hose” Campanulas are hybrids between the calycanthemus 
and typical forms. The expected Mendelian proportion, DR X R, on the assump- 
tion that the hose-in-hose condition is dominant, is in this case 50 per cent. of each, 
and the result obtained was 44.5 per cent. to 55.5 per cent. hose-in-hose. The 
recessiveness of the typical form was further shown by the fact that when self- 
fertilized it produced 97.3 per cent. typical, the expected result being 100 per 
cent. 

In Mimulus tigrinus both male and female germ cells of the calycanthemus- 
form are functional and the question of dominance could be more completely 
tested. It was determined that here also the hose-in-hose perianth is dominant 
over the normal. As the petaloid calyx is unquestionably a phylogenetically 
recent character, this result is the reverse of that expected from DEVRIEs’ law 
that phylogenetically older characters are dominant over newer. CORRENS 
suggests that the ‘‘higher” character dominates over the ‘‘lower,” thus making 
DeVries’ law apply only to retrogressive characters; but he also calls attention 
to several cas ss 


»s in which the ‘higher’ character is obviously recessive, e. g., the 


laciniate leaves of Chelidonium majus laciniatus, and the yellow color of flowers 





in the cross of Polemonium coeruleum album with P. flavum. As most varieties 
are retrogressive, the views of CORRENS and DEVRIEs would equally fit the facts 
in a majority of cases.—G. H. SHULL. 

ITEMS OF TAXONOMIC INTEREST are as follows: E. L. GREENE (Torreya 
5:99-100. 1905) has described 3 new species of Ptelea— L. M. UNpERWoop 
(idem 106-107) has described a new Californian species of Botrychium.—B. F. 
Bus (Ann. Rept. Mo. Bot. Gard. 16:87-99. 1905) has revised the N. Am. 
species of Fuirena, recognizing 8 species, 2 of which are new; has described 
(idem 100-101) 2 new Texan species of Tradescantia; and in conjunction with 
K. K. MACKENzIE has described (idem 102-108) new species from Missouri under 
Sagittaria, Heuchera, Convolvulus, Dasystoma, Xanthium, and Senecio.—W. W. 
Jones (Proc. Amer. Acad. 41:143-167. 1905) has revised the genus Zexmenia, 


15 CORRENS, C., Einige Bastardierungsversuche mit anomalen Sippen und ihre 
alzemeinen Ergebnisse. Jahrb. Wiss. Bot. 41:458-484. 1905. 
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recognizing 42 species, 6 of which are new.—C. H. KAvFFMAN (Bull. Torr. Bot. 
Club 32: 301-325. jigs. 7. 1905) has published a preliminary study of the genus 
Cortinarius, illustrated by half-tones from excellent photographs, in which, after 
a full description of the structure of the various parts, 7 new species are described. 

-E. L. GREENE (Pittonia 5:205-308. 1905) has published a revision of Esch- 
scholtzia, recognizing 112 species, 88 of which are new, thus breaking up what 
seems to have been a great aggregate of species collected under a few names; has 
published Petromecon as a new genus of Papaveraceae from Guadalupe Island, 
founded on Escischoltzia Palmeri Rose and containing a new species; has pre- 
sented a synopsis of Dendromecon, recognizing 17 species, 14 of which are new; 
and has suggested an extension of species under Sanguinaria by separating 4 new 
species from what has been treated as a monotypic plexus.—C. A. M. LinpMAN 
(Arkiv. Bot. K. Svenska Vetensk. 3: no. 6. pp. 14. jigs. 10. 1904; rev. in Bot 
Centralbl. 98:659. 1905) has published a new genus (Regvellidium) of Marsili- 
aceae from southern Brazil, which combines certain features of the two other 
genera with characters of its own.—M. L. FERNALD (Rhodora 7: 129-136. 1925), 
in continuing his presentation of the N. Am. species of Eriophorum, has discussed 
the generic status of Eriophorum and the status of the names /. Chamissonis 
and E. Callitrix-—J. M. C. 

Firrtne’s'® full paper has recently appeared; an abstract of his preliminary 
report may be found in the January GazeTTE of this year. It is difficult to find 
an unnecessary paragraph among the one hundred seventy-five pages of this 
notable paper. Considerable ingenuity is displayed and this accounts for the 
author’s success in reaching a much closer analysis of geotropic phenomena. 
Part I contains eight chapters exclusive of introduction and_ recapitulation. 
Description and explanation of apparatus constitute the first chapter. Elaborate 
cuts and diagrams contribute to a very clear presentation. Particularly satisfying 
is the second chapter, because here is answered the very fundamental and much 
controverted question of optimum position. CzApEk’s answer of 135° deviation 
from position of normal equilibrium is proven incorrect, and the horizontal posi- 
tion of go° deviation is demonstrated to be the optimum position for the plants 
tested. The variety of the latter is great enough to make a general statement for 
parallelotropic organs very probable. Positions at equal angles above or below 
the horizontal afford equal stimulation. The latter conclusion has already received 
confirmation in that the contrary conclusion of NEWCOMBE has been withdrawn, 
and evidence presented by him to support the author. Moreover the intensity 
of stimulation as determined by position varies approximately as the sine of the 
angle of deviation. In Part II the investigation endeavors, on the basis of demon- 
strations in Part I, to penetrate further the complicated processes involved in 
perception and response. Admirable caution is here manifest, a clear discrim- 
ination between demonstration and probability being maintained. The author 


16 FITTING, HANs, Untersuchungen iiber den geotropischen Reizvorgang. Teilen 
II. Jahrb. Wiss. Bot. 41: 221-398. 1905. 
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is inclined to regard sensitiveness to gravitation far greater than hitherto supposed, 
even as much as to light. It is not at present considered possible to determine 
the time required for an organ to recover from stimulation, since the autotropic 
straightening merely indicates expiration of reaction. Other important con- 
clusions are stated in the abstract mentioned.—Raymonp H. Ponp. 


NUCLEAR DIVISION in Fritillaria imperialis has been studied by S1JPKENS,?7 
who uses a somewhat novel method. Material is fixed in Flemming’s stronger 
solution for three weeks, after which it is thoroughly washed in water and run up 
to 96 per cent. alcohol. A piece of parietal endosperm with its nuclei is now 
brought into 6 per cent. celloidin, where it is kept an hour or so longer, care being 
taken not to let the cellpidin become hard. With a pipette the piece with some 
celloidin is taken up and placed upon a cover glass where the celloidin flows out, 
forming a delicate film, which in a few minutes becomes rather tough. The film 
is moistened with 96 per cent. alcohol until it is easily separated from the cover. 
Stain in gentian violet, clear in origanum oil for two hours, imbed in paraffin, and 
cut sections about 2 in thickness; then stain again in gentian violet. 

Another method was also used. A piece of the parietal endosperm was 
brought into a drop of 50 per cent. chromic acid, which soon dissolves the proto- 
plasm away from the nuclei. The nuclear membrane itself dissolves soon after, 
leaving only the chromatic network, which is washed in water and then stained 
with gentian violet. 

From a study of such preparations SijpKins concludes that the reticulum of 
the resting nucleus is an anastomosing network with thick, irregular knots. 
There is no linin thread, with chromatin granules, but the network is a homog- 
enous structure. The spindle arises inside the nucleus from protoplasm which 
has pressed into the nuclear cavity after the dissolution of the nuclear membrane. 
The threads reaching from pole to pole are formed first, the mantle fibers appear- 
ing later.—C. J. CHAMBERLAIN. 


WirHott “‘hungering” for priority, FiscHER'® shows wherein the theory of 
‘*bliitenbildenden” substances, recently presented by Loew, agrees closely with 
the author’s view earlier expressed. Since neither Loew nor the author have 
offered evidence more than enough to make the theory a rational hypothesis, the 
most important point to notice here is that the speculations of two independent 
writers lead to the same theory. The author’s analysis is closer in that three 
kinds of bliitenbildenden substance are distinguished, namely: Formstojje, whose 
presence determines the habit or architecture of the plant; Reizstojje, whose 
relative amount induces a tendency to reproduce at the expense of vegetation or 
vice versa. With Sacus, Formstojje and Reizstojfe were identical; while accord- 

17 SIIPKENS, B., Die Kernteilung bei Fritillaria imperialis. Recucil des travaux. 

Sot. Neerl. no. 2. (repaged) pp. 58. pls. 4-6. 

18 FISCHER, Huco, Ueber die Bliitenbildung in ihrer Abhangigkcit vom Licht und 

iiber die bliitenbildenden Substanzen. Flora 94:478-490. 1905. 
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ing to Loew the latter would correspond to the author’s Baustoffe, by which is 
understood substances which cause a differentiation of tissue, as into vegetative 
and reproductive. Such Reizstojje arise or become governing under abnormal 
conditions and imply a disturbed equilibrium in the plant; while Bawstojje are 
normally active. Thus to an excess of carbohydrates caused by conditions favor- 
able to photosynthesis (abundant light and little moisture), but unfavorable to 
vegetation (reduced absorption), the author attributes an overproduction of 
flowers.—RAyMOND H. Ponp. 


THE ADDRESS GIVEN by Professor GOEBEL last year at the Congress of Arts 
and Science in St. Louis has been translated by Professor F. E. Ltoyp and pub- 
lished in Science.'? ‘The subject was an assigned one, but could not have been 
more appropriate to the man and the occasion. The time was limited, so that 
the speaker was able only to outline rather than to develop his ideas; but the 
paper contains a statement of the relations between the old or formal morphology, 
phylogenetic morphology, and experimental morphology, from the standpoint 
of one of our most philosophical botanists, that will be illuminating and suggestive 
to many. All of the speaker’s views may not be accepted by all, but that he has 
indicated the most needed direction of morphological investigation in the imme- 
diate future can hardly be doubted.—J. M. C. 


BoLLey?° has announced that he has at last established definitely the fact 
that the uredospores of a number of rusts, including those of Puccinia graminis, 
can endure the winter uninjured. They were found successfully surviving upon 
dead leaves, dead straw, etc.; those of P. graminis remaining unimpaired when 
exposed to the driyng winds of autumn and to the intense cold of a North Dakota 
winter. The uredospores of P. rubigo-vera were found wintering freely in Mis- 
sissippi, Texas, Illinois, Minnesota, and North Dakota, both upon living matured 
leaves and straw. ‘The inference is drawn that although the aecidium stage may 
be a physiological necessity for the perpetuation of the species, its annual recur- 
rence is not a necessity.—J. M. C. 

CocKAYNE?! has studied the vegetation of the Open Bay Islands, two small 
islands three nautical miles from the coast of New Zealand (South Westland). 
The most important vegetation consists of thickets formed by lianes. The con- 
clusion is reached that ‘when attached to the mainland the present islands must 
have been occupied by subtropical evergreen rain-forest similar to that now exist- 
ing on the adjacent coast. After separation, as the area of the islands became 
smaller and smaller, and the climatic conditions more and more severe, only those 
plants specially adapted to such conditions could survive, and of these certain of 


109 GOEBEL, K., The fundamental problems of present-day plant morphology. 
Science N. S. 22:33-45. July 14, 1905. 

20 BoLLeY, HENRY L., New work upon wheat rust. Science N.S. 22:50-51. 1905. 

21 COCKAYNE, L., Notes on the vegetation of the Open Bay Islands. Trans. 
N. Z. Inst. 37: 367-375. pl. 23. 1905. 


‘ 


























a 


1905] CURRENT LITERATURE 229 


the lianes, although most highly specialized forest plants, are the most suitable.— 
J. M.C. , 

RAMALEY?? has continued his comparisons of the anatomy of cotyledons 
with that of leaves by giving an account, with illustrations, of the ‘*foliaceous”’ 
cotyledons of eight species of tropical plants: Jatropha curcas, Manihot glaziovii, 
Eriodendron anjractuosum, Bombax malabaricum, Couroupita guianensis, Ipomoea 
coccinea, Solanum quitoense, and Cosmos bipinnatus. The conclusion is reached 
that these observations confirm the author’s view, previously published, that 
cotyledons and leaves ‘“‘are not really of the same nature.’’—J. M. C. 

UnpERWoop? has done good service in working out the itinerary of CHARLES 
WricuHt’s three explorations of Cuba. His sojourn in Cuba covered a period 
of nearly ten years, 1856 to 1867; but his travels were confined chiefly to the two 
ends of the island, leaving the great central portion largely unexplored.—J. M. C. 

SHELDON?+ has announced that as a result of cultures and inoculations he 
has reached the conclusion that in all probability the bitter rot of the apple, the 
ripe rot of the grape, and the anthracnose of the sweet pea are caused by the same 
fungus.—J. M. C. 

THE FULL PAPER by Scort?s on a new type of strobilus in Sphenophyllum 
has appeared. A notice of the preliminary announcement, containing a summary 
of the results, was published in Bor. GAZETTE 39:76. 1905.—J. M.C. 

CHRYSLER?® has shown that through the agency of man in planting conifers 
upon a bare area at Woods Holl, Mass., the second stage in reforestation—that 
of the oaks—has been nearly attained in fifty years.—J. M. C. 

RECENT FLORISTIC PAPERS are those by KRAUSE?’ on the flora of Aden; and 
by VaHt?* on the flora of the Madeiras.—J. M. C. 


22 RAMALEY, Francis, A study of certain foliaceous cotyledons. Univ. Colorado 
Studies 2:255-264. jigs. 42. 1905. 
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